The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NPIO 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p.l.c. 
pic, P.L.C. or PLC. 



istration under the Companies Act does not constitute a new legal entity but merely 
ts the company to certain additional company law rules. 



Signed 



Dated 14 November 2005 



CD 

m 



> 

m 

o 
O 



dti A DTI SERVICE 



22-06-Q3 17:26 



Froia-PATEBTS ELI LILLY 



0127E4833Q6 



r 



T-70I P. 02 



F-770 



Patents Foim 1/77 



1?alBcuAetia77 



THE PATENT OFFICE, 



2 2 AUG 2003 
RECEt VED BY FAX 

grant 



Office 



22^UG03 E832426-1 D01348. 
POl/7700 0.00-0319793.6 



^5ec Otc fxiiid <m Efrd tiick afxhUfM-io. Ynix can aho ger bb 
cipJnnitliHyJntffH <fW fii^ 4^? mr OaTv to itBipyouJailln 



1 1 AU'6 2003 



1. Vonrz^for^Ace 



2, Faiem appHcadan number 

{tlK r&iWf Offk^ wiii^Jn fills pa/x) 



P15987-GB 

0319793.6 



3, Full rtaine, a4ilr6&& (xAd pdSCfiOde of the ct cf 



Pasents AnP number firyauAnemrj^ 

If iho applicdnr is ^ corpora bo4y, give the 
countQr/state of Its Incorporadon 



EU LILLY ANP COMPANY. 
LILLY CORPORATE CENTER, 
INDIANAPOUS. 
INDIANA 46285. LISA 

428904002 y 



STATE OF INDIANA. U.S.A. 



4, Title of the invention 



IbeFateotOtlltt 

Newport 
Souih Wales 
KF108QQ 



PYRIDINYLMOFU=HOLINE DERIVATIVES 



5. Name of your agent ftfj^ Jaaw on^ 

"Actdress fbr service" in the United Kingdom 
tp which all correspondence should be seoc 



Pa^ts ADP number O^youlajotyi^ 



KINGSBURY, Oliver William 

EUROPEAN PATENT OPERATIONS, 
LILLY RESEARCH CENTRE, 
ERL WOOD MANOa 
SUNNIN6HILL ROAD, 
WINDLESMAMp 
SURREY, <3U20 ePH. UK 



6. If ybu are declaring prlod^ fcom one or moi» 
earlier patent applications, 0ve the comicy 
- and the date of niing of the or of each of these 
earlier applications and Ot^ukaot/iOthe or 
each application number 


Counvy Priort^ ap pllcaxla a number 

(ifyau kaow (0 


(ihy /month /yw} 

• 


7. If chid application Is divided or otherwise 
derived from an eadler UK application, 
gxv^the number and the filing date of 
the eariier app^caCion 


Numbfitf fif eariier appIScBrion 


Xhne of filing 
(dsty/moaA /year} 



fl. Is a statement of inventorsh^ and of n^t 
to grant of a patmt required in snipport of 
this request {Amver *Ye^m 

a) anysppUcsnrnsrnedJtnpartSisnoiajtfav^tortor 
t} thcct is Git /nvMPPc wtto is nor mmetf ^ 
appSicant, or 

Sim nam (a)) 



Patents Fcnm 1/77 



22-48-03 18:11 



Fron-PATENTS ELI LILLY 



01276483308 



T-703 P. 01/01 F-773 



Patents ^ann 1/77 

9, Enter the number of slieets for any Of the 
foUownng it^sras you are Sing wUh lihte fpnn. 
Do not count copies of the ^voe documeat 

Condnuatiion sheets of tWs farm 

Descdption 

Claims 

" Afisti&ct 




0 



10- If you are also fPing any of the followinB* 
state hew many against each ixenu 

Friodiy documents 
Trwt$(atioiiS of priority documents 

Statement of irrvwtorship and ri^t 
to giant of a pat^ /J^iBn& J5>iw 7>739 



Reque&c for preUmitiaty exaininflfloai 




* 

Request fbr substantive examSiiation 

(^tma^um 20/77} 


* 

* 


Any other dotnimeAis 




11. 


IWe teq.UMt the ffWX. of a pairot on taa baste of ibis applicaiion. 
ssgpature Date 22 August 2003 


12, Name and d^^dme cidephone Aumber of 
person co contact frt Ih^ United Kingdom 


KINGSBURY, Ofiver WIlHam . 01 276 48339 1 



Wamins , . ,t^r,^,,tintttu'BP the PatsniOfScB will consider WtlStif^pt^Iicatiem 

ASnr an spfOicRiion /br a patem lias been^ ^l^^^^^^^^SM ^ of «w P^t^Aa 1977. You 
or communSaadon oftheinvBntlan ^<>^^^^P'°^^'^'^^S^^7^^iS^Of^ if you live i« tk6 

eonmwii^an has been giv^i. arjtnysueh diteedM hss l>eea revoked 

Mtached to this Sana, 

d) lfyoub9ve6f>s*mf^ 'yes' PatBotiRuxa 7/77 vmm^ 

e) Oaceyoa have ettedM (fie Ibrmyoamtar remember to sign and date It 

FMeots Fona 1/77 



: 22-08-03 17:2B Froni-PATERTS ELi LILLY 

P-15987 




012764B330S 



T-rOl P. 03 



F-T70 



-1- 



PYRIDINYLMORPHOLINE DERIVATIVES 



This inveotion relates to novel moxpholine conQx>uiids, and to thdr use in 
selectively inhibiting norepinepiume reuptake. 



10 



15 



20 



Selective inhibition of norepineplirine reuptake is a relatively new mode of action 
for the treatment of affective disorders. Nox^inephrine appears to play an important 
role in the disturbances of vegetative function associated with aSfeciive^ anxiety and 
cognitive disorders* Atomoxetine hydrochloride is a selective inhibitor of 
nor^inephrme reuptake, and is marketed for the treatmem of attention deficit 
hyperactivity disorder (ADHD). Rebo?(;ei»i0 is also a selective norepinephrine 
reuptake inhibitor and is marketed for the treatment of depression, W099/1 5 177 
disclosea the use of Reboxetine to treat ADHD and WOOl/01973 discloses the use 
of S,S-Rebox6dne to tceat ADHD. 



Accotding to liie present invention there is proyided a compound of formula 0) 




(D 

wherein 

-X- is -S- or -0-; 

each R is independently selected £com H or C1-C4 alkyl; 

R^ is H. Cj-C^ alkyl, Ci-C+ alkoxy, halo, cyano, tnftuoroiXLelliylji trifluoromethoxy, 
-NR^R^ ^ONR^R^ -COOR^ or a group of the fomiula (i) 



t 
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(i) 

R* is C1-C4 all^l, phenyl or pbeuyl sntbs^oted wiiJi 1 . 2 or 3 Bat»titucnts eadi 
independently selected fiom C1-C4 alkyl. C1-C4 iOkoxy. nitco, bydrojty, cyano* lialo, 
tiifluoiomethyl. aifiuoroinetboxy^ beijzyloxy, -NR*R^ -CONR*R^, COOR*, 

S -SC^NR*R' and -SOJEiH 

Ht? is selected 6001 Cj-C* alkyl, Cj-C* alkoxy, oarboxy. nitro, hydroxy, cyaoo. halo. 

triflttoromethyl, toLOwMDoiethoxy, bais^l, henayloxy, -NR^\ -CONR^R', - 
SOjNR»R' and -SOiR''; 

R*, K\ K\ R^ R* and R' are each indigjeodently sd.ected ftom H or C,- C4 aDcyl; and 

10 -Z-iaabond,-CHa-,or-0-; 

or a phaxmaceutically acceptable salt ihcveot 

In the pt«sent spedficatirai the tarn "C1-C4 alkyl" means a monovaleii]; 
imsubstituted saturated straight-chain Or brandied-ciham hydrocaibcwi radical having 
1 5 ftom 1 to 4 carbon atoms. Thus the term "0,-04 tHkyr kkolndes meiliyl, ethyl, n- 
piopyl, isopioKrl, n-butyl, isobutyl. seD-bw^l and tertrbirtyl, 

* 

in Ihe pres€ait specificaticna tihe term ""Ci-C^ alkoxy*' means a mottovalent 
onsubstitated saturated strain-chain or branched-chain hydrocarbon radical having 
20 fix>mlto4caAonatomslmkedtothepointof$u^ Tbiastho 
term *'Ci-C4 alkoxy*' itwiudes methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, 
isobutoxy, se&-bmoxy and text-butoxy. 

In itvQ present spedficatton the temi *Tialo" or •'halogen'* meanis F, CI, Br orL 

25 

In a preferred embodiment of the present invention -X- is -S-, 
In another preferred einbodhnent of the present inventicai -X- is 
30 In another preferred embodiment of the present invention is phenyl. 
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In aoother pre&ired embodiment of the laresent inveotion all R groups we 
hydxogen. 



A preferred group of compoimds according to the poteseot inveairioxi is represented 
5 by fbs formula (ff) 



r. 



10 



IS 





(n) 

wherein is H, C1-C4 alkyl, C1-C4 alkoxy; halo, cyano, trifluorometbyl. 
irifluoinomethqxy, -NR^R.^ -CONR^R"*, -COOR^ or a group of the fomrula (i) 



* • 




(i) 

R' is selected from Ci-C, aOsyU CrC4 alkoxy. caitioxy, nitro, hydroxy, oyanOy halo, 
trifluoromethyl, tcifluoromethoxy, benzyU benayloxy, -NR*R^ -CONR^R^ 
-SOiNR^R* and -SQiR''; 

R', R^ R^and R^are each independently selected from H or Ci- C* alkyl; 

is a bond, -CH2-, Or ^rO-j 
or a phannaccniticaUy acceptable salt thiereof. 



.* : • 

. . ■ 



A' 
If 



20 



A pre&cred embodiment of the present invention relates to con^unda of foimula 
(I) or (II) wherein the substituent R^ is in the three po^on of tiie iodine ring as 
numbered in formula (I) above. 



More preferably said substituent R* is H, C^-^i^ aUkyU halo, cyano, -CONR^R\ 
trifluoromethyl or a group of the formvda (i). 
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Whea is -CaNR.*R:*» Haisn R' an4 R* are both preferably H. 
Wh« R' is C,-C4 aKsyl, thai it Is prefisrably nie&j^. 

5 A prefared wribodimem of the pceseat ioveatiofa tdates to compounds of fonnwU 
Q c«r (IJ) wflifiran lh© siibstitaemt R' is 8 

Another preferred embodhnent of the preseot mvention xdates to compounds of 
fotroulB (I) or (n) wherein R' is a group of the fbrranla (i), -Z- is a bond, tod R* is 
10 Horbalo. 

Another preferred embodimeoat of the present invention relates to compounds of 
fiwmula (I) or QJ) whexem is a gioi^ of ihe formula (i), -Z- is -CHj- or -0-, and 



15 



20 



Anotiier prefeired embodiroeat of the present inventi<m relates to conipouods of 
fbnnula (I) or CH) wherein the substLtuent R* is in the five position of the pyridine 
ring as numbered in formula (T) above. More preferably said sutstitumt R^ is 
selected fiom bromOy dhloro or iodo. 



Hae present invention includes the phflimaceudcaUy aweptable salts of the 
compounds offonraalaCO or fbrmulaCn)- Suitable ealts include acid addition salts, 
including salts ftwmed wifli inorganic adds, for example hydrochloric 
hydiobromic* nitric, sulphuric Or phosphoric acids, or with organic 

2 5 adds, aucfa as organic carboxylic or organic sulphonic acids, for example, 

acetoxyben20ic, citric, gJycoUc, mandelic-1, mandelic-dl, mandeUc-d, maleic, 
mesotartaric mondhydrat^ hydroxymaleic, fumaric, lactobionic, malic, 
methaixesulphonic, napsylic, napbthalenedisulfonic, naphtoic, oxalic, pahnitic, 
phenylacetic, propionic, pyridyl hydroxy pyruvic salicylic, stearic saccfadc 

3 0 sulfanilic, tartaric-l, tartaric-dl, tartaric-d, 2-hydroxyechane sulphonic, toluene-p- 

sulphoniCp and xinafoic acids. 
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la additiozL to the pbannaceutically acceptable $$ix&t cQm saltfi my as 
ifitennediaies in tbe purification of compounds or iu the preparation, of other, fbr 
exaniple phaxmaceutically acceptable^ aci4 addition salts, or are usefld for 
identification, diaracterLsation or purificaticm. 

5 

It will be appredaeed that componnds of Smroila Q) and formula (IQ possess 
a^ynnaetrac carbon atoms. Emid that in tbe present invention, specific individual 
stereoisomers are prefeaxed. In the present speoification^ where a stmctural fixnniila 
does not specify the staeoc^eoiistry ^t one or xti/ote chiral cennres, it encompasses 
10 all possible stereoisomers and all possible mixtures of stereoisomers (inclodi^, but 
ixot limited to, mcanio mixtiiies)^ which may result fiom stereoisomerism at each of 
the one or more cbiral centers. 

Compounds of the present invention may be prepared by conventional organic 
1 5 chemistry techniques Scam N-*i»:otected-2-i^anomoipholines as outlined in Scheme 
1: below, wherein R and R- have the values deJSned fer foxmula (I) above and P is a 
smtable nitrogen protecting group such as those described iXk T. W. Greene, 
*Trotectiv© Groups in Organic Synthesis", John Wiley and Sons, New York, N,Y„ 
1991, hereafter referred to as "Greene''. For exepcnple a suitable nitrogen protecting 
20 group is a benzyl group: 




Schenae 1 



The phenyl ketone (IU) can be obtained by reaction of 3Sf-protected-^2- 
2 5 cyanomorpholine with a Orignard reageot, followed by adld hydrolysis to give the 
racemic phenyl ketone which may be separated on chiral HPLC. 
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Compounds of formula CO whaoefai -X- is -S- cam be prepared from fee N-protected 
nioiphDline ketone imermadiate of fonnida (HI), as illustaied in Scheme 2 bdow: 




H 

CD 

5 ■ 

Scheme 2 

The V*#»-«na is stereosdLectively reduced to die corresponding (2S) or (2R) alcohol of 
finmida CEV) or (rV)a ^^^^^><1^ ^^'^^^ For racanxple it can 

. 0 be tedaoed in the presence of [(O-BHshtonHiusi^pJWoaropbeylbar^ in a suitable 
solvent sudi as tetrahydcoftttan (THF) to provide the (2S) alooihol. 
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The resulting alcohol is xhea transfonxiadi into ^ sidtable leaving group L. Suitable 
leaving groups include halo groups, sudi as bromo» chloro or io4o aii4 sulfonate 
groups, such mesylate. Whea L is a halo groui>> the alcohol used will be the (2S) 
eoamiom^ (IV) and it will be reacted witib invarsion of $tereocheiiiistzy. For 
5 example^ when L is hromo. the bromuiialion reaction can be earned out in the 

presence of abrommating a^nt such as tdpheaylpho^hine dibromide, in a suitable 
solvent $ueh a^ ohlotoform. When L is a mesylate group, the alcohol used wiU be 
the (^R) enantiomer (IV)a and it will be reacted with xeteatioii of stereochemistry in 
the presence of mesylate chloride and a suitable base. 

10 

the resulting intermediate of fonnula (V) can then be wnvertcd into the 
corresponding mechylethanelhioate of fbmmla (VI) via displacement of the leaving 
group with a suitable ftdolacetale salt such as potassium tbiolacetate in the presence 
of a suitable solvent such as a niixture of dimetbylfbrmamide (DMF) and 

The mekhanethiol intetmediate of fonnula (VH) can be prepared via reaction of Che r^. 
mdhylethaneihioate (VI) with a suitable thiomethoxide such as sodium : 
thiomethoxide in the presence of a suitable solvent such a^ methanol (one cm msl^ a 
20 variety of bases but thiomethoxide is preferred because it also ; ' 

ag^ and prevents oxidation of thiol hence inhibiting dimerisation; Ee£; 
O.B. Wallace & DJ^,Spring6r, Sbtrahedron Letters, 1998, 39 (18X pp2693-2694>. 

The pyzidyl portion of the molecule is incorporated via general methods Icnown in 
'25 the art A particularly usefUl method is the reaction of the melhanethiol (Vll) with a 
compound of the formula 




(vni) 

wbimin has the values defined above and Li is a suitable leaving group such as 

flxtoro, bxomo^ chloro, iodo or mesylate, in the presence Of &uitdble base such as 

. * 
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30 



sodium hydride, c^um fluorife or sodimn meflioxide, in a suitable sotveot sadi t6 



DMF. 



10 



CompoTinds of fonmda Q) wherdn -X- is -O- can l>e pfepsred in m amflogous 
5 fashion by reaction of tiie(2S) alcohol of fbrmula (3V)v*ib apon^poimdof fiMmida 

(Vni) above. 



The fiaal step fbcr tiie prqparatkm. of compounds of foimula Q comprises 
d^rrotscdon of the morpholine ring. Conditions fox ii»fi dfipiotectiott depeod on die 
ptoteoting groiq> chosen. Snitabte deprotecting conditions can be found in Greene. 
For ocample v/b&i fl» nitrogen protecting gpsap is a benzyl Sfovp, Has deprot«itio« 
leacdon can be earned oat in tiie prcsoice of polymer soipported diisopropylaaain© 
(PS-DIEA) and l-cbloiDefliyl daotoftmnate (ACE-Cl) in a suitable solvent snch as 
dichloiomethane, followed by reaction with methaQol to give compomds of 



IS 



20 



25 



CompouiLds of foniwla © can alternatively be pr^ared by the derivelisation of a 
amiable substitueat in the pyridy 1 ring to give the desired substiment R.* as aliown in 
Scheme 3 bdow. For example compounds of formula (t) wiicrem -R' is -CF^ can 
be prepared via reacttoa of fee intomediate (DQ* wherein t-j is inoxuluced into the 
molecolfl in place ofR^ in formula (VIH) as Thegroup 
La is a suitable leaving group $wb a& for example lodo, bramo» cbloro or flnaro. 
The leaving groiq> is converted into a trifluoromethyl groi© via reaction in the 
presence of copper iodide, a suitable bas$ suc4i a$ fiw: example pota$$ttiw flwOTde, 
and a suitable source of a trifluoxametbyl group siich as &r example 

(trifluoromefliyl)trimethylsilane, in a suitable solvent such as for example a iniTrture 

< 

of DMF and N-methyl-pyrroUdinone (NMP), The resxating compound of fomiula 
OQ is deprotected using the methodology described above. 
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(pcy 



(X) 



(I) wbezBia}(.> "CF, 



Schemes 



5 Compounds of fbnmila <I) vdier^ -X- is can altemativiely be prepaial directly 

fiom tbe iatermediate methylediaiiethioate of fonnula (VIO as illustrated in Scheme 
4 below. 






(VD 



(DQ vdiGxein nX« id -S- 



Scheme 4 



4 



1^' 



15 



The reaction can be earned out \dB goieral mefliods knovvn in the art. For ^cample, 
the intecmediBte (VI) caa be reacted wifli a compound of formula ( VinX whemn 
and L| have the values defined above^ in the presence of a suitable base such 
fiodium mefihoxide, in a suitable solvoot such as for CKdmple DMF. 



Tb& resulting compoimd of fonnula (IX) wbe^^ew -X- is -S- is ibea ^i&ppateaed 
using the methods described above for Scheme 2 to give a. compouod of fc»mid^(I) 
2 0 wrberdn -X- is -S-. This method is paiiicul^urly usefbl when and B) are halogen 
groups such as for emmple fluoro and bromo respectively. Alternatively, the 
reaction can be earned out in the presence of a suitable base such as sodium 



c 
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hydroxide ia a suitable solv&at such as a mixture of ethanol and water. This method 
is particolaily use&l wh«* is a halogen group and - is -CN or -C01sfR^R% 
wherein R.^ and R^ have the values defined for formula Q) above. 



5 Compounds of formula (0 -wbet^ -X- ia -S- can also be prepared via an altemative 
method using the intermediate of formula (V) as illustrated belofw in Sciieme 5. 



10 



15 





OX) wherein -X- is -S- 



Scfaexo^S 




The leaving group of mtermediate (V) is disced with a $wtable thiol of fiirowla 
(XI) whecein R^ has the values defined for fimnula (I) above, in the presence of a 

* 

suitable base such as potassium carbonate, in a suitable dolveot Such as DMF* The 
resulting intenncdiate of formula CDQ wherein -X- is -S- ia then deprotected as 
described in Sdieme 2 above. 



The inlSTroediate of fbrrnula (Vm) above (mcliidine analogs wherein L2 ia 
20 introduced in place of R^) often commercially av^able. This is the case for 

inteimediateswhereittL, is a halogen group and R^ (or L2) has the values selected 
from H; methyl, halo, cyano, trifluCacomefliyl, NH2, COJEI, CX3NHa, SO2H, 
SOjNHCH,, NCOCClj andNSOjPh. 

2 5 Intennediates of farmiola CVHT) whensin is a group of formula & can readily be 
prepared via ineiibodB known ill ^ art. Weilliisliatebelow3iReiil)Ods^tb9 
preparatiott of compaunds of fbrraula (VIII) whierem R' is a grougp of fbnnula (i) 
and -Z- has the vsiae of a bond (Scheme fi), -CH2- (Scheme 7) or -O- (Scheme 8), 
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It will be appreciated that these znetbods are ady fflustiative as dicre are many oth£x 
alternative methods Icnowti in the mt which can be used. 



As mentioned above, mtexmediate^ of formula (VUI) whereiu is a group of 
5 ficicmula (i) and — Z- is a bond can be prepared via palladium ooi^Img a3 iUnstrsited 
in Scheme 6 below. 




fisnnila (0 and -S^ is abood 

Scheme 6 



10 

The reaction is carried ouc via reaction of readily available pyridines of formula 

(Xn) whraeui Li has the values mentioned above and L3 is a suitable leaving grovgp I 

such as for example a halogen gpoup ^ch as faromo or cbloro, with the 

cozrespohding phenylboronic acid of fommla (XUI), in the presence of a svdtablo - ^ 

1 S palladium catalyst such as for esaroplc paUadinm acjetate, a suitable ligand such as ^ | 

triphenylphosphine« in a suitable solvent such as acetonitrile. Alternative palladium 
catalysts are known in the art, for example bis(benzonitnle)palladium(II)dicUori^ l 
can be used in the presience of a suitable ligand such ad for example 
bis(diphenylphosphine)butane and a swtable ba$e such as sodiw carbonate in a 

2 0 suitable solvent such as for example ethanol, to give good yields of intcnnediate of 
foimula (Vm) wherein r1 is a group of fi>nrj^ula (i) and -Z- is a. bond. 

Intesmediates of formula (VIII) wherein is a groizp of formula (i) and -Z- is - 
CHa- can be prepared by the i3«4hod iUustr^ed in Scheme 7 below. 

25 




(XIV> {XV) pCVl) (V^I) wheoeinRl isagriAipof 

foranila (?) and «Z- \9 -CHZ- 



SchemeT 



22-08 
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Readily available pyridine conipoiuids of fonnula (XIV) wherdn 1^ has the valu^ 
meationed above (preferably ftuoro) lare reacted witb suitable benzaldehydes of 
fbimula (XV), whereia has the value dejSned for fonnwla 0) above, in the 
presence of a suitable "base such as for exajxiple n-hutyllithium or lithium 
diisapropylamide. in a svotaWe solvent such as THF, to give the alcohol of formula 
(XVI), Said alcohol is fhen reduced to give th9 corresponding bettzyl derivative 
(Vm) wherein is a group of formula (i> and -Z- is -CH2- via hydcogenationt in 
the presence of a suitable cataly&t such as for example palladiimi on charcoal, in a 
suitable solvent such as for example eihanol. 

Intamediacas of fonnula (Vffl) wherein R 1 is a group of fbxnwla (i) and -Z- is -O- 
can be prepared by the method Illustrated below in Scheme 8, 



15 




N L, 



Hi 









Scheme B 



20 



25 



30 



Readily available pyridinol& of fonnula (XVII), wherein Lj has the values 
mentioned above react wifh phenylboronic adds of formula (XIH) in the pre^^uce 
of copperCIQacetate, powdered 4A molecular sieves, and a suitable base sadi as 
ttiethylamine, in a suitable solvent such as for ejcajnple dichlorornethane to give 
intennediates of fioiniula CVHO wherein r1 is a group of formula (i) and -Z- is -O, 



Conv>ounds of fonnula (1) whereui -X- is -O- may also be prepared by 
conventional chonistry techniques fiom the (2A) alcohol (TV^ using standard 
methods known ui ^ art For example as shown in Scheme 9 by reaction of said 
alcohol with a pyiidine of the fonnula (XVIII) or the ketone tautomer of this 
pyridine wherein R^ has the values defined for formula (0 above, in the presence of 

a suitable phosphine such as tdphenyl phosphine and diethyl a^odicarboxylate. 
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osiixg an appropriate solveat such as THF, diraefhoxyethane, (PIME% or chlorofeim 
(CHCl^), as described by DX. Coimps and O. Jianhua, in Tetrahedron Letters^ 

35 (28), pp2819-2822. This reaction is usually earned out wiflbi inversion of 
the stereoceatre to (25) 



R „ OH 




(IV), 



4 



HO 



(xvnD 




Scheme 9 



(1) wherrtn -X- is -O- 



10 



15 



As previously motioned, compounds of formula (I) wlier^ -X- is m^y 
altepialively be prepared by the reaction of the <2S) alcohol {IV) with a pyridine of 
the foraula (VHI), where Lj is preferably chloro and has the values defined for 
&mxula CQ above^ using a suitable base such as potassium hydroxide^ in a suitable 
solvent such as benzene or toluene^ in the pres^ce of a suitable phase txansfer 
catalyst such as 18-Crown-6 as described by A J,S. Duggan ah in Synthesis, 
1980, 7, p573. 



OH 




OV) 



N 

R 1 
P 



deprotect 



CQ wherein 
-X- is -O- 



(DQ Vtrbi^teiui -X- is >0- 



V' 



Scheme 10 



c 
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10 



15 



20 



25 



CompoBnds of fbrnmla 0) wha^dn -X- is -O- may altemativBly be pKpared V 
reaction ttf intecmediate (V) wherein L is Br wi& a pyridine of tiie fimnula CyiH) 
wherein -Li is -OAg and has the values aefined fi>r fbrarnla (I) above, m anon- 
polar solvent such as henzene, as described by U. SchoUkopf «/, iaUebigs Arm. 
Chem. 1972, 765, ppl 53-170 and G.C, Hopkins er ah io..J. Org- Chem. W67, 52, 
PP4040. 

The present invention also provides ft procaas for producing a cxmaponnd of fimmila 
(I) above, y^dtL conrprisw dqprotectine a compomid of the fomiula (DC) 




OX) 

whece P is an N-pioteoting group, optionally followed by the fioflifir st^ of fonning 
a phacmaceotioaJly salt. Suitable N-protectii^ grot^s vrill be known to the p«arSon 
skilled in the art and as described in, fbr example, Greene. They include, for 
example, beD2yl, benzyloxycarbonyl (boc) uid acetyl. 

Compounds of the present invention are norepin^hrins re»qptake inhibitors and are 
selective over other neqrotransmitters, audi as dopamine or secotonin; That is their 
binding a£6niiy at the norepinephrine ttan^rter is Wgber than tasax aiSni^ fcsf 
oflier transporters or odara^ receptors. Preferably the compounds of the pire&eat 
invention sdecth^ely inhibit the reuptake of ihe norepinephrine transporter relative 
to the serotonin and dopanune transpcoters by a fector of at least five, and even 
more preferably by a ftclor of at least ten. Congjounds of finnmOa (I) and theic 
phamiaceuticaUy acceptable salts preferably eachibit a Ki value less than SOQnM at 
(he norepuMphrine transporter as detennined usipg the scintillation pKadmily assay 
as described below. More preferred compounds of formula CQ and tMr 
pharmaceuticBlly acceptable salts exhibit a Ki value less than lOOnM at the 
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xioi%[pmeptirine tramportar. More prefenreci oajnpoiyads of fintmila (][) and their 
phamiBceuticaUy acceptable salts exhibit a Ki value less than SOoM at the 
norepinfipbririe transporter. Bispeoially pre&rxed compoxinds of fbnaula (I) and their 
phaimaceotically acc^table salts eocfaibit a Ki value less than 20nM at tbe 
5 norepinephrine lian^orter. In addition, IliOy are preferably acid stable. 

Advantageously^ they also have a reduced interaction (both as substrate and 
inhibitor) with the liver enzyme Cytochit>me P450 (CYP2D6) compared with other 
norepinephrine-reuptake inhibitors^ such as reboxetiboe, Ttiat is to say, they 
preferably exhibit less than 75% metabolism via the CYP2D6 pajhway according to 
10 the CYP2D6 subsurate assay described below ^d they preferably exhibit an IC50 of 
>6|iM according to the CYP2D6 iiahiWtor assay described below. 

Thus, the presem inveuttoTi provides a compound of finmnia (I), or a 

phannaoeuticaUy acceptable salt thereoi^ for use as a selective inhibitor of the ^ 

1 5 reuptake of norepinephrine. PJeferably sudi selective inhibition ooj?ar$ within $ 

mammalian cells (including mammalian cell membrane preparations), especially ;C. 

f 

those found witiiin the central and/or periph^ nervous ayston. More pxefoably 
such selective inhibition occms within the cells of the ceotial nervous system of a '4- 
mammal, especially a human, £a need thereof. Thus, the.preswt invention also -i 
20 provides a compound of foro^xda or a phaimaceuticaUy accepta^ 

for use in therapy. In particular^ the present invention provides a compound of 
formula (!)» or aphaxmaceutically acceptable salt thereof, for tr^ting disotders 
associated with nor^inephrine dysiuaction in mammals, includir^g the dis^^ 
listed herein. 

25 

The present inventibn also provides for the use of a compound of t&tmwla (1), or a 
pharmaceotically acceptable salt thereof, for sdecfivdly inhibiting ihe reuptake of 
norepinephrine; and the use of a compound of tbrqaula (I), or ^ pbmmaceutically 
acceptable salt tfa^eof> for the treatment of disorders associated with norepinephrine 
3 0 4>^£unction ui mammals, includiag the disorders listed h^rdoi. 

The present invention also provides for the use of a compound of fbimnla (1), or a 
phamoaceutically acceptable $alt thereof, for the mana&cture of a medicament for 
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sde&tively ifihibitiog ibe rei^p?take of nor^inephrme; mi fhie use of a compourid of 
fomnola ®, or a phannaceutically acceptable 

medicsamem for the treatment of disorders associated wifli norepinqduine 
dysfunction in mammals, including the disorders listed herein. 

5 

Furiher, the preseait inveatioii provides k method &r sdecdvely inhibiting ihe 
reuptake of norepinephrine in juionmalB, oo^^lrising.ad^linistcring to a patient in 
need thoeof an e£fective amount of a ooinpouad of formula (Ji,ar& 
phannaceutically acceptable salt <h«eof, and a mdhod for treating disordets 
1 0 assooiatfid with norepinephiine dysfunction in roanimala, comprtaing administering 
to a patient in need hereof an efBsctiVB amount of a camqwimd of fomnila (X>, or a 
pharmaceudcally acoeptaWe ssHt thereof. 

The tron "norepia^hrine dysfimclion" as used heceiu lefm Xq a reduction in the 
1 5 amount of norepinephrine newiotransmitter within the synaptic cleft below that 

which would be considered to be nomal, or desirable, for an individual within that 
species. Thus the phrase "disonJers associated with norqpinephrinc dysftmctlan in 
mammals" refers to disorders which are associated with a redaction in the amount 
of norepinephrine neurotransroitter wiHun the synaptic cleft below that which woFuld 
20 be considered to be nonnaI» or desirable, for the mammalian species, or an 

individual within that species, in question. Some examples of disoideis consatly 
b^eved to be associated with reduced levels of norepinephrine within the synaptic 
deft are detailed bdow. 



25 



30 



The cOTipounds of the present hivention are also indicated for the tteatm^t of 
disordens which ajc ameliorated by an increase in the amount of norepinephrine 
neurotransmitter witihin the synaptic cleft of a mammal above that which would be 
ctmsidered to be normal, or desirable for the mammalian species or an individual 
within that species, in question. 

The term **treatment*' as used herein refers to bolJi curative and prophylactic 
treatment of disorders associated with norepinephrine dysfUndian. 
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Disorders assodated with norepinepfariiie dysfunctiozi in manmm!$« meaticmed 
above in either the uses or flie methods of the present inveatioD^ include, fbr 
example, nervous system conditions selected iEcom the group consdstiiig of an 
addictive disorder and withdrawal syndrome^ an adjustment disord^ (induding 
5 depressed mood, anxiety, :inixed anxiety and depressed mood^ disturbance of 
conduct, axid mixed disturbance of conduct and mood)» an age-assodated leaming 
and mental disorder (mduding Alzhehner*s disease), alcohol addiction, anorexia 
ri^osa, apathy, an attention-defldt disorder (ADD) due to general medical 
conditions, attention-defidt hyperactivity disorder (ADHD) including the 

1 0 predominantly inattentive ^ype of ADHD and the predominantly hyperactive- 
impulsive type of ADHD, bipolar disatdetB bulimia nervosa, chronic &tigue 
syndrome, chronic or acute stress, cognitive disorders indadiag i^tQd cognitive 
impairment (MCI) and oOgnittve inipainnent associated with sdiizopbrenia (CIAS), 
conduct disorder, cyclothymic disorder, demratia of the Alzheimers type <pAT), !^ 

1 5 depression (including adolescent depression and minor d^ession), dysthymic 

disotderp emotional dysregulation, fibromyalgia and other-somatoform disorders . 1^ 

^eluding scmmtization disorder^ conversion disorder* pain disorder, ^ 

• ^ 

hypodiondriasis, body dysmorphic di$Oid$r, undiffereatiated sommofbrm disorder, 
and somatofoim NOS), generalized anxiety disorder, hypotensive states including 
2 0 orthostatic hypotension, incontinence (i»e», stress iucdntinence, g<^\>in <^ stress ^ 
incontinence, and mixed rncontinence), an inhalation disorder, an intoxication 
disorder, mania, migraine headaches, neuropathic pain, nicotine addiction, obesity 

(i.e., reducing the wdght of obese or overwei^ patients), obsessive compulsive 
disorders and related spectrum disorders, oppositional defiant disorder, pain 

2 5 induding chronic pain, neuropathic pain and antinociceptive pain, panic disorder, 

peripheral neuropathy^ post-traumatic stress disorder, prcrocustrual dysqphorlc 
disorder (i.e,, premenstrual syndrome and late luteal phase dysphoric disorder), 
psoriasis^ psychoactive substance we disordei:s, apsydiotic disorder (induding 
schizophrenia, schizoaffective and schizophrmifonn disorders), seasonal affective 

3 0 disorda, a sleep disorder (sudi as narcolepsy and enuresis), sodaJ phobia 

(mcluding social anxiety disorderX a spedfic developmental disorder, selective 
serotonin reuptake inhibition (SSRI) "poop out" syndrome (i.e,, wherein a patient 
who fails to maintain a satisfactory response to SSRI thsnrpy after an initial period 
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of eatifi&ctory response), TIC disorders (e.g^ Tow«te's Disease), txdiacoo 
and vascular dementia. They are most particularly usefljl fijr the treatment of 



ADHD. 



10 
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25 
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In additioa to the compounds of fiixnuila (I), and process^ for the preparatioii of 
said compounds, the present inventioa fijrther provides pbaimacatttical 
con^aiions comprising a compound of forronla (!)> or apharmaceutically ' 
acceptable ®lt thereof togethra: with a pbaiwaceutically acceptable diluent, 
exdpient or carrier. 

i 

The compounds of Hw prwent iwventfon may be used as medicaments in human or 
veterinary medidne. The con^otrnds may be administered by various ioute$, far 
example, by oral or leotal routes, toincally or parmterally, ftir example by injection, 
and are usually eanployed in the fiwro of apJwimaceutical composition. Such 
oompoations may be prepared by methods well known in the pharmaceutical art 
and noimally comprise at least one active compouuid in a^ciation witJi a 
phannaceutically aotwiptable diluent, tar caniar. In making the cranpositions of the 
present invention, the active ingredient wiU usually l>e mixed with a carrier or 
diluted by a earner, and/or enclosed within a carrier which may, for exflBiq>le, be in 
the foim of a capsule, sachet, paper or other container. Where the cairiea: sraves as a 
diUieHt, it may be solid, semi-solid, or li<luid material Wbidx acts as a veWelfi,' 
exci4>ient or medium for die active ingredient. Thus, the comiposi«m may be in the 
fonn of tablets, lozenges, sadiets, cachets, eUdxs, su^eaaiona, sohitions, synq>a. 
aeroBoTf' <as a solid aria a liquid medium), ointments containing, &r examqile, up to 
10% by weight of the active compound, soft and hard gdatin capsules, 
suppositories, injection solutions and su^peosicaia and sterile packaged powders. 
Some examples of suitable camera are lactose, d«>aiose, vegetable oils, benzyl 
elcoholsi alkylene glycols, polyethylene glycols, giycwol triacetate, gelatin, 
cacbohydra:tes such as starch and petroleum j^y, sucrose sorbitol, maniutol, 
stardies, gum acacia, calcium phosphate, alginates^ tra^canth, gelatin, syrup, 
mediyl cellulose, m«byl- and propyl- hydrobenzoace, talc, magnesium stearate and 
mineral oil. The compounds of formula (I), can also be lyophilized and die 
lyophilizaies obtained used, for example, for the production of U^cction 



t 
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pceparations. Th.& prefkar adons indicated can be sterilized and/or can contain 

ft 

Qiixiliaries sudi as lubricants, preservatives^ stabilizers and/or wetting agents. 
enmlsidSerf^, salts for affecting the osmotic pressure, buflEbr substances, coloui£ait$t 
flavourings and/or one or more further active compo\)zuls, e.g. one or more 
5 . vitaminSp Compositions of iSie invention may be formulated so as to provide^ qnick, 
sustained or delayed release of the active ingredient after administration to the 
padfflit by employing procedures well known in the art. 

* 

The compositions are preferably formulated in a dosage vmt form eaob dosage unit 
1 0 containing fiom about 5 to about SOO mg, more usnally about 25 lo about 300 mg, 
of the active ingredient. The term '^dosage unit form** refers to physically discrete 
units, such as tablets or capsules^ suitable as unitary do$es for human subjects and 
other mammals, each unit containing a predetermined quantily of active material 
calculated to produce Che desired therapeutic effect, in assocjatio^Fi with a suitable 
,15 pharmaceutical camcTr 

The following examples iOustcate particular embodiments of compounds of the ..t; 
presem invention and methods fbr thdr preparation. ^'^ 

u 

20 Preparatton of Intermediates 




A 1600 L GL reactor under Niis successively loaded with 2-chloioacrylonitzile 
2 5 (33*2 kg, 379 moles) and toluene (1 14 L) at 2rC. Then, N-beuaylethtoolawitie (57 
kg, 377 moles) is added and the reaction mixture is post-agitated at room 
temperattro for about 17 h. Then, the mixture is diluted with toluene (336 ]L), 
' cooled down to - 12.4 and potassium t-butoxide (42.3 kg, 377 moles) is added in 
portuMS (20) mfrintmnins - 13.7 ^'C £ Tmass S -2.8 °C. The mixture is post- 
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agltated at about 0°C for 2.5 h, and qtieached by adding ultra pure water (142^ L) 
^<i;«isiinitig 2.1 'C ^ Tmasa S 8.7 *C. 11*9 aqueous layw (176 kg) is separated afkex 
35 mittutes of post-sttaiiig allowing iJw mixture to readi 15 »C and the toluene 
layer is washed with ultra pure water (142.5 L) and the aqueous layer (162 1?8) is 

5 separated, ths organic layer is Haax coitoentxated under reduced pressure (1 50 
mbais) maintaining Tmass S 60 *C in <a6er to distill 162 kg of toluaie. Tte 
filtrates are then dihitsd with toluene (114 L) and treated with SiOa (Merck silica 
gel 60, 0.063-0.1 rani, 74.1 kg) under i^tation at room temperature for 1.25 h. 
SiOj is filtered and rinsed with toluene (2x1 14 L). Then* the filtrates are 

10 conc^traied under reduced presauTB (150 nibars>niaintainii« Tmass S 60 ■'C in 

orderto distili 351.8 kg of tolueiiiB (KF : 0.01 % w/w H^O). 

« 

The sohtfion of 4-l>einzyl-maipbolinfi-2-carbonitrile (169.2 kg) is diluted with 
toluffl» (157 L> and is cooled to CC and phwiylinftgnesiwacblOTide <?5 vrt, % 

15 sQtation.in THF, 213 kg. 389 moles, 1.36 molar equiv.) is slowly added (over 3.5 h) 
to the reaction mixtuTB, maintaining the tempraature at - 3 "C S Tmass S 7 "C. The 
leaotion mixture is pcst-stitred for 2 hours at Ttaass » 0*C. Thw, liw quench i$ 
petfomied by adding acetic acid (8.55 L. Tmass = 5 17.2 *»C), post stirring 10 
minutes and cooling to 5 °C before adding an acetic acid / wator mixtBre (229 L, 

20 33/67 v/v). During the quench, addition is performed « sfiw* a 

not OEceed 20*C (typical Tmass •= 4.6 "C to 10.4 °C). The mixtoie.is pos^agitated 
overnight at RT and the aqueous layer C^85.8 kg) is eicbacted. 

The tolueaie layer is cooled to 0*C and a 5 N NaOH aqueoiw solution (420. 1 kg) is 
25 slowly added maiT^<»<rt{nfi the temperatnre at- 2.4 'C ^ Tmasa ^ 11 The 

reaction mixture is posc-stiired for Ih and the aqueous layer (494.S kg) is extracted. 
The toluaie layer is omcentrated under reduced pressure (SO mbais) maintaining 
Tmasa S 60 °C in order to distill 356.2 kg of tolueaie and isc^ropanol (180.4 kg) is 
added. The toltiene is stripped offunder reduced pressure (100 mbars) maintdnwiS 
30 Tmasa 60 °C in oida: to distal 186.4 kg of toluene and iscqpropanol (135 kg) is 
added again to the mixture. A last distillation of toluene is pedbrmed under 
reduced pressure (5 0 mbars) maintaining Tmass S 60 in order to distill 1 31 kg of 
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toltiecie and isopropariol (49.4 kg) is finally add^ to the zxiixture and the solution is 
stured at RT until cxystallization (17 minutes^). 

lUtcsi pure water is added (125.4 L) and the mixture is stirred overnight at RT and 
5 cooled down to about 0 ""C for 1 hour. The precipitate is filtered and rinsed with a 
cooled water/isopropanol 50/50 v/v solution (76,6 kg). The wet precipitate is dried 
under vacuum at Tjack = 35*C for 96 tows to obtain the title compound as an off- 
white powder with 59 % oveacall yield. The tide compound may be resolved by 
ftactional crystallisation. &om acetonitrlle udng &om 0.55 to 1 equivalent of 
1 0 dibensBoyltartaiic add to ^erate diasteieoisoznaic salts of the title compound. The 
crystals may be collected by Miration and neutralized with 30% NaOH to afford the 
optically emicited title compound. 

fa^-Phenvlr(ZgWU fahenvhnethvl\morphQlh^^ (2\ 



15 




■ (2) 

To a stirred solution, of K-)"5"Chloncidii5opinocainpheyIborane] (45 g, 140 nunol) in 
dry tetrahydrofurau (300 ml) under nitrogen is added (2S>-(4-Benzyl-moirpliolin"2- 
yl)-phenyl-methanone (I) (7,97 jg, 28,4 mmol) in one portion. The reaction mixture 

2 0 is stirred at room temperature for 3 8 hoois. The mi?tture is evaporated vwwp and 
extracted fiom 2M aqueous sodium hydroxide solution, into ethyl acetat& The 
combined organic extracts are washed with brine» dried, jSlteied and ev^^rated. 
The crude product is taken up In <Moioform/me4hanol (1 ; 1 [vA^]) and absorbed onto 
1 SOg SCX-2 ion exchange redzL Afl^r elution of boxano residues with metbmiol the 

2 5 psroduct is eluted with 2M ammonia in methanol. Removal of solveat in vacuo 

yielded the product as a yellow oil. This is fiirtb«r purified by fla&h cbrcroatogyaphy 
(eluoEit: ethyl acetate/isohexane 80/20 [v/v]). After removal of solv^ts, the product 
crystallised on standing (6.73g, 84%); MW 283,37; CjaHi^iNOz; NMR. (CDCI3): 
7.32-7.45 (lOH, m). 4.67 (IH, d, 7 Hz), 4.03 (IH, dt. 11 Hz and 2 Hz). 3,86-3.73 
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(2H. to), 3.64 (IH, d, 13 Hz), 3.39 (IH, d, 13 Hz), 3,30 (IH, br, s% 2.68 (IH, d, 12 
Hz)» 2^6 (IH, d, 1 0 Ha), 2.28-2.13 C2H, m); LCMS: no/z 284 IM+H]+ @ Rt 0.95 

mm. 

5 r25V2^rfit'>- hi>Qmo^ phCTvnmelfavl1-< t-/p>imvlm^^ 

OH Br 




To a sotation of (5)-pli««yi[(2S)-4-(phenylmet3iyl)mo^^ (2) 
(4.7 1 g, 16.63 minole) ia chlarofonn ^00 ml) is added tJi© i»pliaiyliJlv>sp}iin£> 
dibroraide (14.04 g, 33,26 ininole)» The tnixtme is heated at 6CPC overnight. The 
10 ndbctaie is allowed to cool to room teraperataie thai wasifafid with, saturated sodium 
cafbojiate solution (aqueous, -100 jnl), dried (NajSO,) and concentrated in vaa40. 
The resulting residue is purified by awtomsfted flesh chromfltograpby GSCO ^tan: 
120 g colunra, 10-30% EtOAc in isohexsue) to give (2i5-2-[(S)- 
.bromo(phenyI)mefliyll-4-(pheny!jnsaiyl)mDrphol3nB (3) as a white soUd (4.63 g. 

IS 80%). LCMS 6 min gradient method, Rt » 2.5 min, (M+H^ - 346/348 

.y. {f .g )^heiivlrr2^-4-faheavlmP thvl1nioroholin-2-vnmetfaYl> ethflaetfaigflte (5) 

^°'>L^oH KSOOCH, 



1:1 TOftOMF I J 

Ph'- ^ > (5) 



A solution of (25)-2-[(i?)-biomo(phfinyi)niethyl]-4H 

2 D (1.76 g, S.08 mmole) and potassxnm thiolacetate (1,16 g, 10.16 mmoje) in 1:1 
anhydraua THF:DMF (30 ml), is athied at 40 «C \iader nitrogen overnight. The 
mixtuxe is then taken up in aoetonitrile and loaded onto an SClO-2 cohwia (4 x 10 
g). The SCIO^ cotomns are washed with fiarflier acetonitrUe. The ta«g«* c<w»powi4 
is eluted with 4:1 acetomtrile : E%N. This is ocmceDtrated in vacuo to give an orange 

25 oil which ia purified by attt<wnated flash chromatography QSCO system: 3 S g SiOa 
Redisep column, 10-30% EtOAc in isohexaae over 40 minutes) to give S- {(fS)- 
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ph^yI[(25)-4-(pheny]metfayl)moiphoIln-^ etbanethioate (5) as &a axnber 

coloured crysmlliiie solid (1.54 g, 89%), LCMS 6 min gradient metihod, Rt = 2.5 
min, (M+HO « 342 



5 f.S^-pheaylf(2j>--4-fpheDylmethvllmorphQli 



C 

N 



Ph 



Ph 



10 



15 



The ^"{<5)-^iaiyli:(2S}-4<idienylmefliyl)nw^^ ethaneOiioate (5) 

(1 1.02 g, 32.3 minole) is taken vp in medianol (100 ml, diy, degassed), under 
ditrogeai. To this is added the scMdium iHomethoxide (2.26 g, 32.3 mmole) m crna 
poition (fl& solid). The traction mixtuiDe is left to stir at Toom temperatore for 2 
hours. The solution is flieu added to an aqueous solution of HO (0.1 M>. Ttaa is 
extracted wiCh DCM (3 x). The extraiks are dded (NajSO,) Budcoocoitrated in 
vacuo to give (;S>phenyl[(2i[H-<phenylTOelbyl)mOipbol^^ (6) as 

a yellow soUd (9.59 g, 99%). LCMS 6 min gradient method. Rt = 2.7 min. (M-f-IT) 
= 300 



••5 

■'s 

■J 

T. > 

•4.* 



Examples 



20 Esamplg 1 ; 



J 



Ph 



K 

FumaralB aatfc 



i) To palladium acetate (0-026 0. 1 2 minol©) in acetqnitrile (3 niJ), ^ded 
ttipheaylpliosplmie (0.122 & 0,46 mmole)^ under tdtrogeo, at room tetnpearatare. 
2 5 The tnixtnre is left to stir for 1 5 minutes. To tbdls mixtuxe added wat^ (disiilled, 1 
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ml), phmylboromc add (0.846 g, 6.94 mmole), 3-broinO"2-flttoropyridiii8 (1-02 g. 
5.78 uwjole) and potassiran catbonare (4.80 g, 34.70 mraole). The teactioii mixture 
is heated at 70 *C overnight After cooling to room tempesraww, tb^ ieactioa 
mixture is loaded directly onto a 40 g Redisep SiOt coliram and coiuponeptt 
isolated by autoinated flash chtoiaaloeraphy aSCO System. 0-30 % efliyl acetate 
ia cyclohexane gradient ehrtion over 40 minutes). This gave 2-auoto-3- 
phenylpyridine as a very pale yellow oa (l,0O g, 100 %). LCMS 6 min gradient 
method, Rt = 3.7 min, (M-tiT) = 174. 



10 ii) Tb a sdtation of (5)^plienylK2^H-(pI»enyl^»ethyl)n^ 

(6) (1.50 a 5.01 mmole) and2-flww>-3-pheoylpyridiiie (2.44 g. 14.09 mmole) in 
diy, degassed DMF (10 ml) is added, under nitrogen, sodinm Vdiid^ (60 % 
dispeislan in oU, 0.24 g. 6.01 mnwle). The mixture is left to stir overnight at room 
temperature. The teactiQii mixtiwe is loaded neat onto a 1 20 g SiOi Redisep colrann 

1 5 (preoonditioned with cyclohexane). Automated flash cbrtunatogcaphy (JSCO 

System, 0-30 % ethyl acetate in cyclobexanfi gradient edution over 40 mimUes at 
40 ml/minnte flow rate) yidded an orange oU (2.26 g). Chioroatography is rqjoated 
uang chromatography (ISCO System. 40 g i»l«ron, 0 - 30 % efliyi acetate hi 
cydohexane gradient elution oyer 40 minutes at 30 mlAninute flow rate) to give 

20 (2S>-2-{(S)-phenylK3-phenylpyiito-2-yl)1hio]melijyl)-4- 

(pheayhnethyl)raorpholjn© as apale oMmee oil (1.65 g. 73 %). LCMS 6 min 
gradient method, Rt <= 4.0 min, (NtHT) = 453. 



iii) To a suspension of poisoner supported diisopropylamine (3 .78 mmol/g, 0.54 g, 
2 5 2.03 mmole) and (2S)-2-{(S)-phenyl[(3.phfinylpyridin-2-yl)thio]methyl}-4- 

(phenyhnethylJnwrpholittB (0.184 g. 0,41 mmole) in diy DCM (5 ml) is added 1- 
cbUaoethyl cMoro&nnate (0.22 nal, 2.03 mmole) at room temperatoie and under 
nitrogen. The mixture is heated at 40^C for 3 .75 hours. The regctioa mixture is 
filtered, concentrated in vacuo then taken up in meflianoL (5 ml). The sohilion is left 
30 to stir at loom temperatateovemiiiht After this tmie,flie reaction mixt^^ 

directly onto an SClO-2 cohmm. The SCI 0-2 cohamn is washed with methanol- The 
title compomid is eluted with 2 N NHs/methanol. This is wnwentittted in vacuo to 
a\^^. f:t.^2-f^SV.Dhettvir(:3-ohenylpyridin-2-yl)thio]me^ as white 
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foam (0.148 g, 100 %). The foam is taken up in ethyl acetate. To Uiid is added a 
solution of fumaiic add (1 . 1 equiv, 0.052 g) ia methanoL The resulting solatioi^ 
filtered tbea concentrated in vacuo. To the resulting white solid i^ added methanol 
(1 »S Tttl). Tliis is stirred for a couple of mioutes, then the r^iiaiiiing solid collected 
5 by filtration to give the hemi-fumarate salt of (2^-2- {(5}-phenyl[(3 -phenylpyxidizt- 
2-yl)lbio]inethyl}moipholine as a white solid (0.127 g). LCMS 12 min gradient 
method, Rt*^ 5,5 min. (M+H') « 363 

Example 

10 r2gl-2-R51-(r3-f4-ftuoronhenvl>pvridin -2-yl]1fai 
fumarate 



25 



r — d^" — df^" 



Ph 



PI.'-' H 

Pumamta salt 



i) To bis(benzonitiile)palladiiim(II)dichloride (0.054 g, 0.14 mmole) and 1,4- 
bis(diphenylphosphine}butaQe (0.091 & 0*21 nmole) i& ^ed diy toluene (6 ml), 

1 5 under nitrogen, and the inixtnre atiired for half an hour To this is added 3-hromo-2- 
fiuoropyxidine (0*50 2.83 mmole) in ethanol (1.4 mS) followed by a solutiou of 4- 
fluorophmylboronic acid (0.793 g, 5.67 mmole) in eihanol (2.4 ml). To 
added an aqueous solution of sodium cait»onate (1 M» 2.83 ml, 2.S3 mmole). The 
mixmire is heated at 60*C for 24 hours, then at 75*^0 for a further 16 hours. The 

2 0 organic layer is loaded directly onio a 40 g B.edi^ep %iO^ column qnd components 
isolated by automated Hash chromatography (ISCO System^ 0 - SO % ethyl acetate 
in cryclohexane gradient elution over 40 mimites)* This gave 3-(4-flUQrophegiyl)-2- 
fluoropyridine as a white solid (0»387 g» 71 %). LCMS 6 min gradieot method, Rt = 
3,6 rain, (M+HO» 192 



ii) To a solution of (iO-phenyl[(2iQ-4*(pheayhne£hyl)morpholin-2-^^^ 
(6) (0.505 g, 1.69 mmole) aod 3-(4-Aucxoph0iyl)-2-fiuoropyridin6 (0.3S7 
2.02mmole) in dry, degassed DMF (3 m!) is added, under nitrog^ cesium fluoride 



tr 



.o 

r 
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(0.3 85 g, 234 mmole). Tbo lalxture is heated at 65«C over the wedcfind After ttiis 
time. 4e teacaoa mixture is aUowed to cool and loaded direcfly onto an SClO-2 
oolunm. The SClO-2 colunm is washed withmefljanol. The i2S^2-[iSy{[^-(.^ 
£lw»iophmyl)pyridin-2-yi]lhio>(phenyl)me^ 

eluted with 2 N NHs/medianoL This is concentrated in vacuo to give an orange sol 
(0.649 g). This is purified hy BOtomated ftaah diiQmatogra?»hy QSCO System, 40 1 
SiOj Redisep oohram, 0 - 30 % efliyl acetate in oydobexane gradient dution ovei 
40 numdeB at 30 ml/imnutt flow rate) to give {2S)-2-lCS)- {[3-(4- 
fluoropheayl)pyridiiir2-yl]thio}Ci*wJ>nMli^ ^ * 

off-white iaam (0.395 g, 50 %). LCMS 6 min gradient method, Bt = 3.3 min, 

(M+ir)-471. 



in) Deprotection of the morphoJine nitrogen is carried out usmg itie mettioa ana 
work up as described in Example 1. nsing polymer s^ported diiiopropylamlne 
15 (3.78 mmole/g. 1.09 g, 4.14 nimole), (25)-2-[(,S)-{C3-(4-flwTopbcayl)pyiidji>-2- 
yl]thio}(pbe^yl)nietihy^l3-4-(phenyhnethyl)nKir^^ (0390 g» 0.83 nunole), dry 
DCM (20 ml), l-chlproethyl ddoiofoimate (0.45 ml, 4.14 nmwle) and methaiaol 
(20 ml). This gave (2S)-2-I(5)-{[3-(4-fluorophenyl)pyridin-2- 
yl]thio}(phenyl)nieihyl]morphoUne as a pale yellow <ai (0.232 g, 74 %). Tbia oil is 
20 taken up in ethyl acetate. To this is added a sohrtion of fiimarlc add (l.l equiv. 
0.071 g) in methanol. Tlie resulting solid is collected by fUtratio» to give a wWte 
solid (0.1 15 e). TMs is recrystallised ftom MeOH/CHCl,/EttO to give a white soUd 
f0.06l a). LCMS 12 min gradient method, Ri = 5.4 min, (M+H*) = 381 



25 l^msiM^l 
fiimarate 



Fh 
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i) To bis(benzonitrile)pdllai3ium(n)dichlori(^ (0.054 g> 0.14 xmnole) and 1.4- 
bis(diphen7lpho^ind)biitane (0.091 g, 0.21 mmole) is added diy toluene (t$ ml)» 
under nitrogen, and the mixture stirred for h^lf anhour. To tbia is added S-bromo-Z-* 
flwropyridine (0-50 & 2.83 jnmol&) in ethanol (1 .4 ml) followed by a solution of 3- 

5 chloropbenylboronic odd (0.887 gi 5*67 ipmole) in ethanol (2.4 ml). To this i& 
added an aqueous solution of sodium catbonate (1 2. S3 mL» 2.83 nuuole). The 
mixture is heated at 60°C for 24 hours, then at 7S°C for a further 16 honrs. The 
organic layer is loaded directly onto a 40 g Redisep SiOj^ column and components 
isolated by automated flash chromatography (ISCO System, 0 - 3 0 % ethyl acetate 
10 in cydohexane gradient elution over 40 minutes)* This ^ve 3 -(3-chloiophenyl)-2- 
flaoropyxidine as an off-white solid (0.333 s» 57 9^). LCMS 6 min gradient method, 
Rt « 4.0 min, (M+IT) « 208. 

ii) To a soludoa of CS)-pbenyl[(2.SHH;plxenyImedQrl)moiph^^ 

15 (fi) (0.400 & 1.34 nomole) aod 3<3-cUorophenyl>-2-flvio«ypyridine (0.333 s> 1,60 . 
* X'. x(aiLol6) in dry, degassed DMF (3 ml) is added, under nitrogen, cesium-fluoride j r| 

4 

(030s & 2.00 mnu>ld). The mixime is heated at 65°C over tJiewedEs^ f 
time, the reaction mixture allowed to cool. The resulting solid is takeai up in 
MeQH/DCM and loaded directly onto an SClO-2 column. The SClO-2 column is 

2 0 washed with methanoL The (2fi)-2.[(5>-{[3-(3-chlorophcnyl)pyridin-'2^ ^ 

yl]fliLo}(phmyl)mc1hyl]-4-(phcnylmelhyl)moipholine is eluted >vith 2 N 
NHg/metbanoL This is concentrated in vacuo to give a white foam (0,55S g). This is 
purified by automated flash chromatography (ISCQ System, 0 - 30 % ethyl acetate 
in cydohexane gradient elution over 40 minutes at 40 ml/minute flow rate) to yield 

(plieay]]iiet]^l)moipholxne as a white fbam (0.258 g, 40 %), LCMS $ ttda gf&^em 
mefliod, Rt = 4.2 min. (M+KT) = 487. 

iii) Depcotection of the morpholine nitrogen is carried out using the method aud 

3 Q work up as described in Example 1 , using polymer supported dii^oprQipylamine 

(3.72 mmole/g, 0,70 & 1,80 mmole)» (25>-2-[(Jf)-{[3-(3-chlorophenyl)pyridin-2- 
yl]thio} (phenyl)methyl]-4-(phenyhnefliyl)morpholine (0^5 g, 0.52 mmole). dry 
DCM (15 ml), Uchlorocthyl chloroformate (0.29 ml, 2.62 mmole) and methanol 
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(15 ml). This gave a colourless residue (0J211 fi). This rraidue is taken up in ethyl 
acetaie. To this is added a solution of fiimaric add (l.l eqjuiv, 0.062 g) in mefliaaoL 
, If the resultjog solid contains impuiities it may be rBcombijied with flie mother 
Uqwor and pvrified on a UV Guided PrepHPLC (Flex) System and treated wifli 
5 SClO-2 to ^ve C25)-2-[(5>{[3-(3-tW6ropihfinyl)pyridin-2- 

yl]thio)(plienyI)melJjyl]roorpholine as a pale yellow oil (0.127 g, 65 %). This oil is 
tak«ni5>inMeOH/DCM.TothisisaddedaMl«ti<moffbmaricacid(l.l equiv, 

0.0145 e) in methanol, followed by EtjO. The tesultins crystals are coUected by 
flltration to give the toaiale salt of (25)-2-[(-S>-{[3-(3-<Motopihfinyl>pyridm-2- 
10 yl]tMo)Cpibenyl)meilorl]moiplioline (1:1 femaiate salt) as a white solid (0.047 g). 
LCMS 12 min gradient rae&od, Rt « 5.7 min» (M+KT) = 397 



15 



20 



25 



jExample 4: ~ 

f?JiVg-rff3-r2-cti1ftrotilieDvl V vri^jn-a.vl1tHnVfahe^^^ 



. . 9"^^ ' ' ' * ' ■ 



Ph' 



c 





F 




ri 



triphenylphosphine (0.0 1 1 9 g, 0.045 mnwle), wnder nitrt»gK». at Toom tenogseiaiure. 
The mixture is left to stir for 15 minutes. To this mixture is added water (distilled, I 
ml), 2-chloiopheoyIboronio add (0.106 g, 0.68 mroDle), 3-bromo-2-fluoiopyiidiafi 
(0.10 g. 0.57 mmole) and potassium carbonate (0.470 g. 3.40 mmole). The reaction 
mixraie is heated to 60»C infTftflsins to 75 "C over 5 hours tbea allowed to cool to 
room tenQjerature. To the reaction roi»tiH« is added MeOH an4 this is loaded onto 
an SClO-2 column (10 g) preconditionfid with MeOH. The column is washed with 
MeOH and the resulting solution amcentrsted in vacuo to give an orange oil (0.X96 
g). The oil is purified by autonjated flash diro0iatogc«4>hy (ISCO System, a 10 g 
Redisep SiOj column, 0 - 30 % ethyl acetate in cyclohexane gradient d^ution over 
40 minutes). Tlsis gave 2-fluoro-3-(2-chlorophfinyl)pyiidine as a colourless oil 
fO.050 a 42 %y LCMS 6 min gtadieot method, Rt =» 3.3 min. (M+fiT) = 208 



I 
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ii) To a solution of (5)-phenyl[(25)-4-(phfiQylmethyl)moipbolia-2"yl]m 
(6) (0.28Sg» 0.96 miucle) and 3<2-chloroplu^yl)-2-tlw)ropyridine (0.40 lt93 
mmole) in diy, degassed DMF (2 ml) is added» under nitrogen, sodiiim hydride 
5 (60% dispersion in oil, 0.0.046 g, 1 .1 5 mmole). The mixture is left to stir at room 
temperature over the weekend. The reaction mixture is loaded directly onto an » 40 
g Redisep SiO^ column. Components are eluted using automated flash 
chtDmaK>graphy (ISCO Systemic 0 - 30 % ethyl acetate in <^clohexaxie gradient 
dution over 30 minutes at 40 ml/minxite flow mte) to give (25)-2-[ {[3 -(2-* 
1 0 dilorpphenyl)pyridin-2--yl]thio} (phenyi)melhyi] -4''Cphenyl3ftiethyl)mptphDHne as a 
whitG fioUd (0.021 & S %). LCMS 6 min gradient method, Rt » 4.3 min, (M-f-IT) = 
487- 



iii) Depiotection of the moxpivDliAe nitrogen is carried out using the method and 
work up as described in Example 1» using polymer suppotrted diil^opiopylamine 

(3.78 mmole/g,,0.057 g, 0.216 mmole). (2^-2-[{[3-(2-chlorcphenyl)pycidin-2- 

♦ 

yl]thio}(phenyl)methyl]-4-(phenylmelfcyl)morpholine(0.02 g, 0.043 imnole). dry 
DCM (2 m\\ l^chloroethyl chlorofomiate (0,024 ml, 0.216 mmol0) ^d mefhanol 
(2 ml). TMs gave a colourless residue (0.017 100 %). This residue is taken up in 
ethyl acetate. To this is added a solution of fitmaiie acid (1 equiv, 0«OOS g) in 
metbanoL This is reduced in vohune and EtjO added. The resulting solid is 
collected by filtration to give the fbmarate salt of (25[)-2-[{[3-(2- 
£MoroiAeny0pyridin-2-yl]tliio}(pheiQ^l)mcthyl]mo^^ (I; I fUmamte salt) as a. 
pale green solid (0,012 g). LCMS 12 roin gradient method, Rt « 5.4 min, (M+HT) = 
397 

Examnle 5: 

f25V.2-r(^-TihenvUr3.ftrifluoTOmelhvl>pvridin-^yl]thj.;>>F1^ThYn^ 




15 



20 



25 
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i) Potassium fluoride (0.048 fi, 0.84 inroole) and copper (I) iodid© (0.159 g, 0,84 
taajole) are thorougWymiJted and dned under tediK»dpi^^ 
for 20 nrinutes. To the resulling yellow soUd» at room tBraperataie is added (2S)-2- 
ICS)-K3-iodoj>yiidin-2-yl)tHo]0pheayl)mediylH-(P^ (a» 

5 prepared in Example 15) (0.190 & 0,3S noaole) in anhydrous NMP (0.5 ml) 
followed by anhydrous DMF (0.5 ml) ttifin(MlhK)romefliyl)trun6tiiylsilai» (0.11 
ml, 0.76 mmole). After 3 days at room tanperatore. the teroperature is increased to 
50 "C. The reaction nuxtore is heated at 50 "C overnight After cooling to room 
temperature, fbither (ttiflnorom«iiyl)trimethylsaane (0.1 1 ml, 0.76 mmde) is 
10 addedtotheitacticmmixmreandlhemixluteialefktostirw 

teE«)eratuio. To the reaction mixtuPB is added MeOH befijre loadii*g onto an SCIO- 
2 column (10 g) preconditioned wilb MeOH. Tbo colnnm is washed with MeOHL 
iSasic mataial is dated with 2 N NHs/meflianoL This is concentrated in vacuo to 
give apale yellow solid (0.199 g). This is pwieed by automated flash 

1 5 chromatography (ISCO System. 5 ;t 4 g Redisep SiO, colimms, in parallel. 0-20 % 
ethyl acetate in^cydohexane gradirat ehition over 40 miawtes) to give tha (25)-2- 
[(S>[(3-iodopyridin-2-yl>lhio3(ph«»yl)mefhyl]-4<pheayhnethyl)mo^ aa a 

white foam (0.108 g, 57 % recoveiy of this starting material) and (25)-2-((-S)- 
phenyl{[3-(ttifluoromethyl)pyridin-2-yl]<bio>meihyl)-4-(phenyl^^ 

20 as a colourless oU (0.033 g» 20 %). LCMS 6 min gradient m«daod, Rt = 4.2 nrin, 

(M+HO = 445 

t 

■ 

ii} To a auapensioa of polymer supported di&opropylamlnc (3.72 rmnol/g, 0.097 g. 
0.36 mmole) and (25)-2<(S)-phfinyl{t3-(tiifluoromethyl)pyndin-2-ylltJno)mem 

2 5 4-(phenyhneflvl)morpholine (0.0,032 g, 0.07 mmole) in dry DCM (0.5 ml) is 

added l-diloroethyl ddoroformate (O.039 ml. 0.36 mmole) at room tenqwratwre and 
under nitrogen. The mixture is heated.at 40 »C for 2 hours. The reaction mixture is 
filtered and concentrated in vacuo then taken itp ia methanol (0.5 ml). The solution 
left to stu: at room temperature overnight. After this time, the reaction mixtwe is . 

30 loaded directly onto an SClO-2 column. The SClO-2 column is washed with 
methanoL Hie target compound is duted wi£h 2 N NHj/meflMaol, This is 
concentrated in vacuo to give a pale yeUow oil (0.024 g). TTw pale yellow oil is 
purified xistog an automated PrepLCSMS system, fljen liberated as the ftee base by 
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tteatment with and concezitxated under vacumxi to give (2.S>-2-((jS)- 

phenyl{[3-(trifluoroiiiethyl)pyridiB-2-yl3i^ as ^ white solid 

(0,005 g, 20 %), LCMS 1 2 lada gradieait method. Rl = 4.9 min, (M+IT) =3S4 



5 Example 6: 

f25V2>ffiS1-T3henYl{C3-fphenvlmefhy%v^ 
fumarate 



■ceo 





FuMdiate tan 

i) To a lOO ml round-bottomed fla&kp under nitrogen, Qont^unmg diy THF (2S ml) is 
1 0 added n-butyllithium (1 ,6 M solution in hezcaues^ 3.99 ml^ 6.39 mmole) at OX 
followed by li±iimi ditsopropylaoiide (2 M solution in THF/n-heptane, 3.19 nd, 
6-39 mmole). The reaction mLxttoe isrjeft to stir for 1 how at 0°C, Tbe iai3<,twe is 
cooled to -70°C then 2-fluorppyridme added. The solution is stiired at -TO'C for 4 
bonrs. To the solution is added benzaldehyde (0.71 xnl, 6.97 mmole). This is then 
15 left to stir far I hour at -70*C, after which time water (100 ml) is added. On 

warming to room temperature the solution is ratcacced with ddorofomi (2 x 100 
ml). The combined extracts are dried (Na2S04) and csoncesitrated in vacuo xa yi^d a 
yellow oil (l.SS g>. Fwificati<m by automata flash chromatogn^pby (ISCO System. 
Redisep 10 g SiOa column, 0 - 30 % ethyl acetate in cyclohexsn^ gradirot elatian 
20 over 30 nnmites at 20 xol/inin flow rate) gave 2-£luOr^ 

hydroxymeflxylipyridine as a yellow oil (0*71 g, 59 %). FIA (M+HO =^ 204 



X 



ii) To S ^ Pd/C (0,07 g), nnder oilrogen. is added a solutkta of 2-flu«ro-3-(l* 
hydmxy-l-phenylm^hyOpyiidine (0.71 g. 3.5 mmde) in ethanol (50 ml). Ttds is 
2 5 then put on a Pair Hydrogenator at 60 psi H2 and left over the we^end. The 

reaction mixture id filtered through Celite®. Removal of solvent firom the resulting 
soludon gave a pale yellow oil This is purified by automat^ fla^ dbromatography 
O&CO System^ 10 g SiO^ Redisep column^ 0 - 30 % ethyl acemte in cycloliexane 
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gradient elution over 40 roiuMtes at 20 mlAnimitc flow rate) to give 2-flw£0-3- 
(phen.ylmfi<hyl)pyridw» as a colourless oil (0.18 g, 27 %}. 



ui) To a solution of (5)-pheaiyl[(2S)-4-Cphefflyhne<hy0moipl» 
5 (6) (0.27 g, 0.91 mmole) *md 2-fhion>-3<l-hydrcxKy-l'phe«yljnethyl)pyfldixie (0.17 
a 0.91 mmole) in diy, degassed DMP (1 S ml) is added, xmdd: nitrogen, sodiuiu 
hydride (60 % di^qjeraiou in oU. 0.07 g. 1 .82 mmole). Hw raixture is left to stir 
ovemigHt at room tenqwiawre. A further portion of sodium hydride (605 dispersion 
moa,0.07fi.l.S2iranole)andDMF(lml)isadded.After5how$«it«icw . 

10 temperatures the reaction mixtuns is taken yxp in MeOH loaded ooto an SClO-2 
column. Tlie SClO-2 column is washed with methanol. The (2S)-2-((5)-phenyl{[3- 
(phenyimeth,yl)pjridin-2-yllthio}mBthyl)-4-^^ ^ 
Wifla 2 N NHs/io^fhanoL This is concentiated wi vacuo to give a yellow residue 
(0.36 g>. The residue is purified by automated flash duomatography (ISCO System. 

15 35 6 SIO, Rediaep column, 0-30 % ethyl ac^te in cyclohexane gradient eltrtion 
over 40 minutes at 40 ml/minute flowmte) whfeh yidds (25>-2-((5>phfiiii34{[3- 
(phenyImefhyl)pyridin-2-yl3thio}roethyl)-4-(phwhne^^ as a pale 

yellow oil (O.IO g, 24 %). LCMS 6 min gradient method. Rt = S.Sniin, Q4:tW) = 
467 

20 

iv) Deprotection of tiie morpboline uitrogen is earned out »$ing the method and 
wbtk TflJ as described in Example 1. using polymer supported diisopiopylaminfi 
(3.78 mmole/g, 0.2& & 1.07 mmole), of (2S)^2-((5)-phenyUC3- 
■ (phBnylmelhyl)pyridin-2-yi]thio}me1i«'l)-4-Cphenylmethyl)mOj^ (0.092 g, 

25 0.20 mmole), dry HCU (5 ml); l-cibloioethyl chloroflMmaJe (0.12 ml, 1 .07 mmole) 
and methanol (5 ml). This gives (25)-2<(S)-pheayl{[3-(phenylmethyl)pyridin-2- 
yl]tbiQ>methyl)morphoIine as a colourless Vesidue (0«076 g, 94 %)• This oil is taken 
up in ediyl acetate. To this is added a solution of fhmaric acid (1.1 cquiv, 0,02.6 g) 
in methanol. The tesulting solution is concentrated in vacuo and the resulting oil 

3 0 triturated with ethyl acetate. The solid is collected by filtratiow to give the fiwnarate 
salt of (2S)>2-((S)-phenyi{[3 -(iihenylmethyI)pyridin-2-yl]tiuo)m.ethyl>noipliolinfi 
(1 :1 ftimarate salt) as a white solid (0.070 g). LCMS 12 min gradient method, Ri = 
5.6 min, (M+IT) - 377 
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Exanx'ple 7a 



i) To a 100 ml lomid bottomed flask is added 2-cblotD-3-pyridinol (0*50 g, 3*86 
mmole), copper (IQ acetate (0,70 g» 3.86 mmole), pheDylbotronio Add (0.94 g, 7.72 
mmole) andpowdensd 4A molecular sieves. To the mixtuie i& added DCM (3d ml) 
followed hy tdetbylamine (2,69 ml, 19 JO imiole). This is starred ovemight, imdoc 
Tiitrog^ at room tempezature< Tbe reactiLoa mixture is poured into water (75 ml) 
and extracted with ethyl acetate (3 x 75 ml)» The (Tomhiaed extracts are ooncenlrated 
. in vacuo to give a brown oil (0i65 g). Purification by autonBitcd flash 
chxomatography (ISCO System^ Redisep 35 g ^Ims^Ji - 20 % lethyl acetate 
LU cyolohexane gradient elution over 40 minutes) gives 2-chloro-3-phenoxypyTidin6 
as a colourless oil (0 J2 g» 41%). LCMS 6 min gradient method, Rt = 3«6mm» 
(M+HO = 206 



ii) To a solixdoa of (*S)-phenylI(2iS)-4-(phenylmethyl)moipholi^^ 
(6) (0.352 g, 1.18 mmole) and Zni^hlorcHS-ph^aoxypyiidine (0.29 1.41 mmole) in 
dty, degassed DMP (3 ml) is added, under nitrogen, cesium fluoride (0tl79 g, 148 
mmole). The mixture is left to sdr for two day» at 55^C. A furthsr pardon of cedum 
fluoride (0.063 g, 0.41 mmole) is added and the solution heated for 5 hours at SS^Q. 
The reaction mixture is allowed to cool dien loaded neat onto a 35 g SiO^ Redis^ 
column (preconditioned with cyclohexane)* Automated chromatography 
(ISCO System, 0 — 40 % ethyl acetate m i;yolahex^e gradient elution over 40 
minutes at 30 ml/minu]te flow rate) yields a yellow oil (2.26 g). This is taken up iu 
MeOH and loaded onto an SCI 0^2 column. The 3C10-2 column is washed with 
methanol. The title compound is ©luted with 2 N NHs/raethanolt Thi§ i$ 
concentrated m yac^o to give (2S>-2- {(S>-phcnyl[(3-phenyloxypyridin-2- 
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yl)tMo]mefl^i}-4-Cplifitiylfflel33yl)raoipholinB as spale oiaage ml (0.OW g, 17 %). 
LCMS 6 niin gradient me&od, Rt - 3.6 Bttin, CM+HO = 469 

iiO Deprotection of the mtapholine idtfogen is carried out usiiig tiie mefljod and 
work up as described in Exan^le I, tBing polymer si^poited diiyopropylauaine 
(3.78 iimiole/a.0,26 g, 0,98 imnole), (25)-2-{(-S)-phenyl[(3-pheaylQxypyridin-2- 
yl>thio]metbyl}-4-<phBnyImelhyl)mofipholaJB (0.092 g, 0.20 nnnolc). dry DCM (5 
ml), J-chloroediyl cihlorofenMta (O-l 1 ml, 0.98 mmole) and methanol (5 ml). This 
gave (2S)-2-((^-pheayl{[3<phenylo3ty)pyridm-2-yl]tMo}r^^ as a 

pale-yellow oil-(0.q70 g. 95 %)* TbU oU is taken up in elhyl acetate. To this is added, 
a solution of fbmario add(l.t eq.uiv, 0.024 fi) in melhanol. Hie resulting solution is 
concentrated in vacuo and the resulting oil triturated with ethyl acetate. The SoUd is 
colleciied by filtraticai to give the fimoarate salt of (25)-2-(0S)-ph£»yl{[3- 
(phfinyioxy)pyridin-2-yllthio>roetityl)inoipholine (1:1 fUmarate salt) as an off-wKte 

soUd (0-094 g>. LCMS 12 min gradieivt naethod. lU = 5,5 miu, (M+IT) = 379 = 



Example 8: • ■ 

/g.'g^-2-rfjVrf3- ^J^1nro pvtidin- ? -Y nthio yT>lienvnmKthYl1ino 

i^°4-^ph " 



Ph 



y 




to 



Futnarata sail 



i) To a solndon of (S>-phenylK255-4-(phenyUnethyl)naoipholin-2-yl]niethanefliW 
(6) (0.446 g. 1.49 nnnole) and 2,3-dichloropyiidine (0.246 g» 1.67 romole) in diy, 
degassed DMF (3 ml) is added, under nitrogen, sodiwi hydride (60 % disperaon in 
oil, O.oeig, 1.53 nnnole). The inixtuie is left to stir ovemi^ at room tempeiatare. 
The reaction raixture is taken up in MeOH and loaded onto an SClO-2 golwnn. The 
SClO-2 coluim is washed with methanol The (2S)-2-[(S)-[C3-diloropyridln-2- 
yl)thio](phenyl)meaiyl]-4-(phenyhne£hyl)raoiplioUne is elwed with 2 N 
NHa/methanol. Ihis is concentrated in vvnio to give (2S)-2-[CS)-[(3-chloropyridin- 
2-yl)thio](phcnyl)mefhyl]-4-(phBayImeihyl)morpholine ad a pele yeUow oil (0.61 
g). LCMS 6 min gradient me(lhod, Rt= 3.5 nmi, (M+HO = 4U 
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ii) Depzotectioa of the moipholine nitFOgen js carried out using tbe metbod mii 
woik up as 4esciibBd in Example 1, using polymar sqppoited difaopropylamiae 
(3.78 nmuJlc^g, 039s. 1-46 rowole), (2i>-2-[(i)-[^-c33lox!Opyiidia.-2- 
yi)th,io]<l>h«iyl)nielhyl]-4<pl^ (0.120 g, 0^92 mmole), diy 

DCM. (15 ml), l-cMoroethyl chlorofonnate (0.16 ml* 1.46 mmole) and methanol 
(15 ml). This gives (25)-2-[(53-K3-diloKq?yridi»-2- 

yl)ihiol(phmyl)metliyl]moipholme as a pale yeUow oil (0.092 g. 98 %). This oil is 
takea i^p in etlorl acetate. To this is added a soliitioo of fiwaaric acid <1 equiv, 0.033 
g) in metbaool. The resulting solution is cojicentrated in vacuo to gjvc an oil wbicb 
is ayatallised ftom IP A. The solid is collected by filtration to give the Swparate salf 
of (2S)-2-[(i)-[(3H:Woropyiidm-2-yl)lMo]Cphenyl)melbyl]mojpho^^ (l;l fiaooatate 

salt) as a white solid (ail I g). LCMS 12 min gradient method, Rt - 4.8 min, 
(M+HT) - 321 



f2^2-fr5f^-fQ-m^vlpvridin-2-vlYthi o](phenyl)methvllmoroholinefotPa^ 



•4- 



Ph 



■ftr 



H 

Fuffmcataeait 



i) To a degassed solution of ^-{(5)-phenyl[(25)-^(pheii>i^^ 
yl]mefliyl> etaianrfhioate (5> (0.1 00 g> 0,293 wmole) and 2-fluoxo-3-niethylpyridine 
(0.32S s» 2.93 mmole) in DMF (1 ml) is added sodium medioxide (0.016 g» 0*293 
ffiinole), Tbe rwctian mixture is left to stir at room tempsxtttur^ under iiutrogeo, 
overnight The inaction mixture is diluted with inetbm^ol artd loaded onto m SCIO- 
2 (5 g) column preconditioned with MeOH. The ooluinn is washed with MeOH then 
basic material is eluted with 2 N NH^/meiimQl. This ammonia solution is 
concentrated in vacuo to gtve an orange oil (0.067 g) which is purified by 
automated flash chromatography (ISCO System, Redisiep SiO^ column, 0 - 20 % 
ethyl acetate in cyclohexane gradient elutlon over 40 minutes) to give (2S)-2-[(iS3- 



I* 



• 4 
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I(3-mefliylpyridin-2-yl)tfaio](phL^ as a 

colourless oil (0.055 g, 44%). LCMS 6 ma gradieisi method. Rt = 2.9 min. (M+IT) 
= 391 

5 ii) To a sus|sensioa of polymer supported di^ffopropylamino (3.78 mmol/ft 0.167 g» 
0.64 mmole) and (2S)-2-[CS)-[(3-m€diylpyri<li«^2"yl)tMo] 

(phenylmeihyl)morphol]iie (0.0S0 0.1 3 mroole) in dry DCM (5 ml) is added 1- 
chloroethyl cUoTofonna^ (0.070 rol^ 0.64 xmnole) at room temperature and under 
i^Mrogeo. The mixture is heated at 40°C &r LS hours. The redC:tiao mixture is 

1 0 filtered and concentrated in vacuo tbea taken up in methanol (S ml)* The solution i$ 
left to stir at room tempeiature for 2.5 hours. Afticr this timew the reaction mixture is 
loaded directly omo an SClO-2 column. The SCI 0-2 column is washed with 
methanol. The free base of the title Gompoxmd is duted with 2 N MH^/^edidnoL 
This ammonia solution is concentrated in vacua to give (25)-2-[(S)*[(3- 

15 methylpyridin"2-yl)tMo3(phenyl)me1hyl]raorpholine a« an <:«range oil (0»037. g, 97 
%). This oil is taken up in methanoL To this is added a solution of &maric acid (1 
eqmv> 0,014 g) in methanoL This is stiired for a couple of minwes, thea EtOAc 
followed by isohexane added. The resulting precipit;ate is collected by fQtration to 
yidd a white solid (0.048 g). This is reciystalliaed from ethyl aOetate and i fiO hfyyfiTi^ 

20 to give i3ie fiimaiate salt of (25>2-[(^-[(3-7neiaiylpyiic|in-2- 

yl}iMo](pheayl)me11iyl]moipb<oline(l:l ftimacate salt) as a«4iite solid (0.013 g) 
■ £^S 12 niin gradient mBffa0d,Rt« 4.5 min. (M+ir)>= 301 

« 

25 i2£lb2::Ei^^ 

' fijmarate *. . " 
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i) To l>i5(beiizonitrile)palladlim(]D0^ {0,054 g, 0.14 mmok) and 1,4- 
bis(4ipheaylphosphine)bmane (0.091 gi 0.21 xomole) is added dry tolxien^ (fi i^il), 
under nitrogeii, and the imxtOT9 stipred for half aa hour. To this is added 3-btomo-2- 
fluOTOpytidine (0.50 g, 2.S3 tnmole) in ethanol (1.4 ml) fallowed by a solution of 4- 

5 chlon>phenylbor03iic add (0.887 g, 5.61 mmolc) in ethaaol (2.4 ml). To is 
added an. aqueous solutioiL of sodium carbonate (I M, 2.83 ml> 2.83 mcnole). The 
iiU5ttwe is heated at 60°C for 24 hours, then at 75'*C for a fiafher 16 hours. TTie 
orgaiuc layer is loaded ditectly onto a 40 g Redisep SiOs column and components 
isolated by automated flash chromatography (ISCO System, 0 - 30 % esdsyl acetate 
10 in cy olohexane gradient elutioi^ over 40 mhiutes). This gave 3 -(4^loroph€axyl>2- 
fiuoropyriduie as a white solid (0.323 & 55 %). LCMS 6 nain gradient method, Rt = 
4.0 min, (M^-IT) = 208 

» 

ii) To a solution of (a}iphw^yl[(2iS)-4-Cpheaylmethyl)moiphol^^ : 
15 (6) (OJSS g, 1.30 mmole) and 3-(4-ch!orophenyl)-2-fluonjpyridine (0.323 & 1.56 ^ 

mmidie) in dry, degassed DMF (3 nil) is added, under nilTOgen, 

'i 

(0,295 g, 1 .94 mmole). The mixture is heated at 65**C over the weekend. After this i 

It '' 

time, the reaction mixture is allowed to cool. The resulting solid is taken up in \ 
MeOH/DCM and loaded directly onto an SCI 0-2 columai. The SCI 0-2 column is 

20 . washed with mcflianol followed by 2 N NHy'methanol, The ammonia solution is 
concentrated in vacuo to give (2S)-2-[(S)-{P-<4-chIorophenyl)pyridin-2- 
yl]thio)Cphenyl)methyl]-4^pbeayhnethyl)morph^ as an orange foam (0314 g). 
This is purified by automaied flash chromatogr^hy (ISCO System^ 0 - 30 % ethyl 
acetate in cyclohexane gradieast elution over 40 wtautes at 40 ml/minute flow rate) 

25 to give (25>2-C(S)- { t3-(4-cWorophenyl)pyridin-2-yl]1hio}(phrayl)methyU 

(phenyImeaiyl)morpholine as a white foam (0.178 28 %). LCMS 6 xmH gradient 
method, Rt 4.2 min, (M-HET) = 487 

iii) Depioteetion of the morpholine nitrogen is carried out using 1he me^iod and 
3 0 work up as described in Example 1 , using polymer supported diiyopnopylamine 

(3.78 mole/g, 0.48 g, 1.80 mmole), (25>-2-[(S)-{[3-(4-chlorophenyl)pyudin-2- 
yl]tMo>(phenyl)methyl]-4-(phenylmeihyl)moipholi^ (0J75 & 0,36 mmole), dry 
DCM (10 ml), l-dhloroefliyl cfaloroformate (0,20 ml, 1 ,80 mmole) and methanol 



^ 22-06- 
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t 

(10 ml). This gave a colourlesa residue (0, 129 g, 90 %). This residue is taken in 
ethyl acetate. To this is added a aolutioii of fljmario acid (1.1 equiv, 0.03S g) in 
mcthaiioL The resulting solid is recombined with the roother liquor and purified on 
a UV Guided PrepHPLC CFlex) System and treated with SClO-2 to give a ydlow 
solid. This is flirfher purified by automated flash chromaiogr^hy OSCO System, 
Redisep 4 g SiQt column, 0-5% methanol in dichkM»mcthanc gradient elntioa 
over 40 minutes, flien 10 mumtes at 5 % Mefhanol in diddorometbane with 10 
inl/min flow rate) to give (2S)-2-[(S)-{[3-(4-cbU»ropli«nyl)py)pidin-2- 
yl3thio}(phOTyl)methyllmorpliolme as a pal© yellow oU (0.049 g. 34 %)• This ofl i» 
taken up in ethyl acetate. To tWs is aflded a sotutio]i of fimiaric acid (1,1 eqjtriv, 
0.0143 g) in metbanoL The resulting solution is TOugenttm^d in vaa«> ^ 
leciystallised fiom MeOH and EtO, Hie solid is collected by filtraiion to give the 
funiarate salt of C2fi>2-KpS)-{[3H:4-d!lorophei^^^ 

yl]thio>Cphenyl)mefliyl]nioiplK>line (1 ;1 fiimarate $alt) ^ a white soKd (0.047 g). 
LCMS 12mmsradieirtmethod»Rt==5.7min,(M-i-ir)«397 



Example 11: 

/2Jn-2>rf31--rr5-brQmQPvridii^-2-v»tfaiDlfoli< 



Ph 



O 

X 

H 1^ 



jO" 



XJ 



Br 



Pn' 



i 

H 



i> To a solution of 5-{C5)-phenyl[(2S3-4Kpli€»ylmediyl)m 
ettianethioate (5) (0.25 g, 0.73 mmole) in dry roetbani^l (2 ml) is adde4 sodium 
in^oxide (0.040 g, 0.73 nimole) under Jjitmgeu, This is left to star at room 
temperature for 1 hour. Methanol is TOUOved in vacuo and replaced willi DMF (I 
ml). To this is then added the 5-bronio-2-fluoropyri.dine (0, 1 1 wO, 1 102 mmole). The 
reaction mixture is left to stir at room temperature, imder nitrogen, overnight. The 
reaction mixture is diluted vn&i DCM and loaded directly onto a 35 g Redisep 
column. Purification by automated flash chromatography (ISCO Systran, Redistp 
35 g SiQ, column, 0 -20 % ediyl acetate in i^lohexane gradien* eUitiOn over 40 
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minuees) gave (2S)-2-[(i!)-K5-Twoaiopyridm-2-yl)liiio3(ph^^^ 
(phenyliweihyOajorpholine as a colourless oU (0.186 g, 56%), l-CMS 6 min gradient 
mefbod, Rt ^ 3.6 min. (M+IT) - 455/457 



5 ii) To a suspeaasion of polynier supported diisopropylamine (3,78 ramol/& 0.108 g. 
20.4 mfflole) and {25>^-[CS)-[(5-bromopyridia-2-yl)tbio](phenyl)niefl^ 
(phenylmetijyL)moipholme (O.I«6 g, 0.408 mmole) ia diy DCM (10 ml) i* added 1- 
chloroethyl dilorofomwte (0.22 ml, 2.04 ramole) at room tempefatuie and under 
nitrogen. The mixture is heated at 40''C Hat 2.5 homa. The reaction mixtore is then 

1 0 filtea«d and concentrated in vacuo then taken \sp bx medianol (10 inl). The solution 
is left to stir at mom temperature overnight. After this tinje, the tsaction mixture ia 
loaded directly onto an SClO-2 c»lunm (5 g). The SClO-2 colvra» is washed with 
methanol. Tba target coanpofund is eluted with 2 N tqH,toiflthaaol. This is 
conceooated in vacuo to give (2S)-2-.[CS)-K5-bromoK^din-2- 

1 5 yl)thio](ph.enyl)meaiyl]m0ipholine as a coU»\Ji|eas oil (0.108. g. 72 %). This oil is 
taken up in ethanol, To flns is addodia solutioh of firaiaric arad (1.2 equiv, 0.041 ^ 
in etbanoL Solveait is xemoved in vacuo and die resulting residue triturated with 
BtOAo. This solid is collected by filtration to give the firmacate salt of (25)-2-[(5)- 
t(5-broTnopyridinr2-yl)tbio](phaayl>methyilmoipholine (1:1 fUmarate salt) as a 

20 white soUd (0.105 g). LCMS 12 min gradient roeftiod, Rt = 5.0 min, (M+IT) = 
365/367 



?-{f(5^.f2.g>-ni«rphftliiL-2-vl/phmvl'>m et7iy11thio^pvridin^3H:^ 



i) To a degassed solution of 5- {(^>•phe^ylt(25)-4-(phe^yhIl<Ithyl)mOTpholin-2- 
yl]methyl} ethanethioate (5) (0.100 g. 0.293 mroole) and 2-cia<wonicotin8mide 
(0.046 g, 0.293 mmole) ia elhsnol (3 ml) is added a solution of sodium Iq^droxide in 



25 




bo 
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water (2 M. 0,293 nil, 0.586 mmole)« The resulting solution is stixred at room 
temperatwe overnight. An additional portion of 2-diloronicotinamide (0.046 g, 
0^93 xnmole) is added to the reaction mixture vfl^ch is then heated at 40 °C 
overnight The reaction mixture is dilnt^ with methanol and loaded onto an SCIO- 
2 column preconditioned with MeOH- The column is washed with MeOH thea 
basic material ia aimed with 2 N NH/methanoL Thb ammonia $Qlutioii is 
concentrated in vacua to give 2-({[(SD-phenyl[(25)-4-(phenyJmelhyl)morpliol^^ 
yl]inethyl}thio)pyridine-3-<^ho3cani^ as a pale orange residue (0.124 g; 100%). 
LCMS 6 min gradieni method. Rt - 2.1 jxdo, CM-t-IT) » 420 



ii) To a suspension of polymer suj^orted diiisoinopylaaiine (3.78 imnol/g, 0.38 g, 
1 .47 mmole) and 2-({C(iS)7phmyl[{2S)-4-(pheayhnfitiiyl)OT^ 

yl]melhyl}iMo)pyiidino-3-carbosamide (0J23 g, 0*29 mmole) in dry DCM (10 ml) 
is added 1-chloxoetbyl chloroformate (046 ml, 1.47 mmole) at room teinperatare 
and utider mtrogen. The mixture is heated at 40^G &r 2 houra. The ration tnixture 
is then filtered and concentrated in vacuoto give^ pale yellow residue. This is 
taken up in methanol (1 0 ml) and the solution left to stir at room temperedwe for 3 
hours. After this time^, the reaction mixture is loaded directly oato an SClO-2 
cohmm. T\xq SClO-2 coliumi is washed with mcfthanol then more hasic compoiuids 
are etuted with 2 N NHs/methanoI. The ammonia soluition is concentrate in vacuo 
to give 2^{[(5)-(25)-n3orpholin-2-yl(phmyl)metbyl]tbi as 
a pale yellow oil (0.097 g, 1 00 The pale yellow oil is takoa up in medianoL To 
this is added a solution of fbmaric acid (1 eejuiv, 0»0153 g) in methanol. This is 
Stirred for a couple of minutes, then EtOAc added- The resulting prredpitate is 

■ 

collected by filtration to give the fumaiate salt of 2-{[(S)-(2iS)Hiiio«phoUn-2^ 
yl(phenyl)m6tfayI]thio)pyridine-3-carboxamide (1 ;1 fimxarate salt) as a white solid 
(0.095 g). LCMS 12 min gradient meftwd* Rt = 24 mia, O^+tT) « 330 



Example 13: 

30 g-r {r('^-(2iSl-morpholin>2--yl(phe riYl>methYl 1dii 



r 
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Ph 



Ph 
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PUmarate salt 

i) To a degassea solinion of <S-{(^-pbfiiiyl[(2S)-4-(phaoylmeiiiyl)m 

yl]uiefliyl} edianeiirioate (5) <0.050 & 0.147 mmole) and 2-^hlofO-3-<?jranDpyridine 

(0.Q20 g, 0.346 umiol) in edwnot (1.5 nil) is added a solution of sodiiim hydroxide 

S in water (2 M, 0. 146 ml, 0^3 nunole). The tesultins solution is $tiii«d at room 
temperature for -17 hoxucs. The reaction mixture is diluted with methanol and 
loaded onto an SClO-2 ooliimn preconditioned wllJi MeOH. The coliamn is washed 
widi MeOH then hasic material is elnted with 2 N NHa/methanol. This annnOnia 
sokttioa is concaBtrated in vacuo to give 2-({t(S)-lihfinyl[(2fi>4- 

1 0 (phenybnethyl)nMipholin-2-yl3iiiethyl}tbio5pyrian&.3-<^^ as an off white 

solid (0.055 g, $3%). LCMS 6 mui gradient med^' Rt = ±5 inin. (6*1^10 = 402 

ii) To a susp^ion of polymar si^ported di&oproRflamine (3.78 nwnoJ/g, 0.181 g, 
0.685 mmole) and 2-({[(5l)-phenyl[(25)-4-(phenyhaethyl>moipholin-2- 
15 3d]methyl>fluo)pyridin«-3-carbaiiittas (0.055 g. 0.137 mmoie) in diy DCM (S ml) 
is added l-cWoweftiyl chloiofonnate (0,075 ml. 0.685 mraole) at room tempetatote 
and under nitrogen. Tl» mixture is heated at 40^ for 2 hours. The reaction mixture 
is thffli filttt»d and concentrated in vacuo to give a pale orange liquid. TTiia is tek«i 
vsp in methanol (5 ml) and the solution left to stir at room temperature overnight. 
2 0 After ihis time, the leaction roixtore is loaded direcdy onto an SClO-2 column. The 
SCI 0-2 column is >9vashed with methanol &cm mote baao material eluted with 2 
N NHjtoethanol. The ammonia solution is concentrated in vacuo to give 2-{[(5)- 
(2S)-moi3ihDlinp2-yl(phenyl)melhyl]tMo}pyridjne-^ as a pal© yellow Oil 

(0.041 g, 95 %). The pale yellow oil is trfcen up in methanol. To ttiis is added a 
25 sohxtion of fumaiic acid (1 equiv, 0.0153 g) in meflianol. This is stirred for a coiflple 
of minutes, Uien EtOAc followed by cyclohsiane added. Hw resulting precipitate is 
collected by filtration to give the fhmaiate salt of 2-{[(.S)-(2^»c«pl»oli»-2- 
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yl(phenyl)nie^yl]iHo}pyjddii3e-3-carlmm (1 :1 fUmarate salt) as & wMte soUd 
(0.042 g). LCMS 12 min gradient medwd* Rt = 4.6 min. (M+HT) = 312 



■♦t 



Example 14: 

Q5^-2-rph6aylfpvridin-2-vltfaio>me&^ 

PhT 



0 



H 

Fumarats salt 

i) To a stirred soLudon of <JK)-pImyl[(25)-4-(plienyl^ 

mecfaanesulfonate (0.7Q 1 .94 xnmole) and 2-mei:captopyxidinj& (0.S4 4,84 

mmote) in axihydrous DMF» at room temperature and under aitro^n, is added 

10 potassium carbonate (O^SO 5.8 1 mmole). The reaction is left to stir at room 

tempouture for 6 days. The reactioii mixture is diliited witb..metl}anol 2[nd loaded 

r • onto an SCI 0-2 colimm preconditioned with Me.OH. The column is washed with. 

MeOH then basic material is eluted with 2 N NH^/methanol. This cumnonia solution 
is concentrated in vacuo to give an orange residue (0^881 g). Pudfication by 

15 automated flash chromatography QSCO SystCTi^ 0 — 3 0 % e^yl acetate in 
tsohsKdsoe gradi»t elntion over 30 xoimrt^) gav^ (2.S)-2-|jdienyl(pyddxn-2- 
ylfhio)meihyl]-4-Cphenyhniethyl)c^^ as a colourless oil (0.24S g, 34 %)- 
LCMS 6 min gradient method^ Rt - 2.7 min, CW+H"") = 377. 



20 ii) DepiDtecdon of the morphoUnie nitrogen is carded out using the method and 
work up as described in Example 1, using polymer supported dijsciiTOpylamine 
(3.78 mmole/g, 0.43 g, IM mmole)» (25)-2-|phfinyl(pyridin-2-ylthio)methyll-4- 
(phenytme£hyl)moiph0line (0403g, 0.274 mmole), dry DCM (10 ml), l-chloioethyl 
cfalorofotmate (0.15 ml, 1.37 mmole) and methanol (10 ml). This gave a pale 

2 5 yeUow oil (0.058 g, 74 %), Purification of this residue by automated flash 

chromatography (ISCO System, SiOz Redisep oolumn, 10 % MeOH hi DCM) gave 
a colourless oil (0.044 g, S4 %). This oil is taken up in ethyl acetate. To this is 
added a solution of hydrochloric add in dioxane (4 M, 0,1 ml)* Concentration in 



mmmmmm^mmm 
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vacuo save &e hydrochloride sdt of (2iS)-2-|jpbfinyl<i»yridm-2-^^ as a 

white solid (0,045 g). LCMS 6 min gradieat method, Ri = 1.8 miiu (M+IT) => 287 

5 f2^2-r(if^4f3-iodot>vridip -2-y^^lhio]fpbtw^v^WetKvi^m<n^^h0^ipe^^ 



i) To (S)-phienylE(ZS)-4-(pheaylmflthyl)n«^ (6) (0.50 g, 

1.67 mmole) and 2-ciMoro-3-iodopyridii»e (0.48 & 2.00 nunole) in degassed DMF 
(3 ml) is added cesiimi jBluoride (038 g, 2.50 ixnnole) at room lempei^ture and under 
1 0 laitrogen. The mixhire is healed at hctweea 55-7S°C for 3 days. The oigaaio layer is 
, thfiD loaded directly onto a 3S g ISCO column (SiQt) and columned vsijag . ^ 

■4I axftt^xtoced flash (dizomatofraiitby (0 - 30% EtOAo in cycloh£aai»e over 30 miant^) 



to give a pale yellow crystalline solid (0.3S g). The solid is taken in ; 

DCM:MeOH (1 :1) and loaded onto an SClO-2 column (10 g) preoonditiOBed with ^ 
q. 5 MeQEL HiB column is washed with MeOH to remove 2-chloio-3-iodopyridine, then 

more basic matexial is eloied with 2 N NHa/metbaool. The anunoxda solution is 

conoeatrated in vacuo to give (25)-2-[(S>[(3-iodopyridin-2- 

yl)thio]Cphenyl)methyl]-4-(pheQyhnefhyl)morpholine a$ a pale yellow soUd (0.19 g, 

23%). LCMS 6 min gradient method, Rt = 3.8 min, (M+IT) = 503 
20 ii) To a suspensiou of polymer supported dj/wppopylamine (3,72 mmol/g, 0.2S5 g, 
1.06 mmole) and C25)-2-[(5)-[(3-iodopyridh»-2-yl)<hio](phenyI)m«diyl]-4- 
(phenyhnethyl)morphoHpe (0.107 & 0.21 mmole) in dry DCM (l.S ml) is added 1- 
chlon>«hyl ddorofbrmate (0.116 ml, l.06inxnole) atjoorotemperaiaie and under 
nitrDgen. The mixture is heatBd at 40°C far 2 ttoxas. The reaction mixture is then 
25 filteced and concentrated in vacuo to g^ve apade ocao^ liquid. This Is taken up in 
methanol (1 .5 ml) and the solution left tt> stir at room teoipfiTOturB ovonight. ASttx 
stirring overnight at room tenqierature, tihe leacflon mixture is loaded direcdy onto 
an SClO-2 'golinnn- The SClO-2 column is washed with me^kmolt then more ba^c 
material is eluted witti 2 N NHj/methanol. The ammooia solution is concentrated in 
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vacuo to gjve (aS)-2-[CiO-i:(3-iodop5Tidin-2->4)tMo](phenyl)me^ as a 

pale ydlow oU (0.047 g, 53%). TbaSi oil is taken up in methanol and to this is added 
a solutipii of fimiaric acid (1 eqaiy, 0.013 g) in methanol. This is stiired fin: a ooiqile 
of minutes, Hien EtOAc followed by EliO added. The resulting precipitaw ifi 
5 collected by filtration to give Uie fiunanrte salt of (25>-2-[(5)-[(3-iodopyridin-2- 
yl)fliio](pbsoyl)niethyl]morpholine (1:1 ftunarace salt) as a white solid (0.036 g). 
LCMS 12 min ^^ent mediod, Rt =■ 4.9 min, (M+IT) = 413 

1 0 The phaonacological profile of the present compounds may be dedaonstrated as 
&II0WS. All of tbe exemplified compovnids above have been found to exhibit a Kj 
value less ^^^^ SOOnM at the norepiixephiine transporter as det^rmii^ed u$uig the 
scdntiUaiion proxinuty assay described below. Fm^hermore, all of the exemplified 
compounds above have been found to selectively inhibit the norepinephrine 

15 , tiansporter relative to the serotonin and dopamine transporters by a factor of at least 
^'fi " five tEgkkg the seintillation proximity assays as described below* 

Generation of stable cell-lines expressing the human dopamine, norepinephrine and 

2 0 Standard molecnlar cloning techniques are used to generate stable cell-lines 

expressing the homan dopamine, norepinephdne and serotonin transporters. The 
polymerase chain reaction (PGR) is used in order to isolate and ampli^^^ each of the 
three full-l^igth dDNAs from an appropriate cDNA library. Primers for PCR are 
designed using the following published sequence data: 

25 

Human dopamine transporcar: GenBank M951(S7* Referetxce: Vandenbergh DJ, 
Peisico AM and Uhl GR. A human dopamine transporter cDNA predicts reduced 
gtycosylation. displays a novel repetitive element and provides raoialfy-dimorphic 
TaqlEFLPs. Molecular Brain Research i\992) volume 15, pages 161-166. 

30 
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Bmm norepinephrine transporter: GenBank M65105- Reference: Pacholczyk T, 
Blakely, RD and Amara SG. Eiq^ression cloning of a cocaine- and aniid^ressant' 
sensitive human noradfejUiUne transporter. Nanire (1991> volTJine 350, pages 350- 
354» .... 

5 

Human serotonin transporter QwjBank L0SS68. Referaioe: Raawjnoortby S, 
Bauman AL, Moore KR, Han H, Yang-Feng T, Chang AS, Ganapathy V and 
Blakdy RD. Amtdepressant- and cocaine-sensitive human s&rotonin iransporier: 
Molecular (^onin^ aggression, and chramasanud locatizatton. Proceedings of the 
10 Natifinal Academy of Sciences of the USA (1993) volume 90, pages 2542-2546. 

The PGR products are doned into a mammaliaa eatpression vector C&g pcDNA3 .1 . 
(Invitrogen)) usujg standard ligation techniiiues. The constructs are then used to 
stably trsnsfect HBK293 wsiag a. commenaally available lipofcction reagent 
15 (Lipofectamine'^^ lavitiSgea) following the manufacture's prbtocoL y 

' • .A" 

'.» 

pftinHllHtinn p-oidnritv asm^y^ for deter minin g the affinity of test lieanda at thg 

i I 
• • • 

The compomids of the present invento we norepinephrme reuptake inhibitars, and 
poasesa excellent activity in, for ex^iple, a scintillatiOTi pioxiimty assay (e,g, J- 
Gobel, DX. Saussy and A. Goetz, J. Pharmawl. Toxioojo. (1999), 42, 237*244). 
Thus ^-trisoxetine binding to norepdnephrine re-uptake sites in a cell line 

2 5 transfectcd with DNA encodmg human norepinqphrine transporter bindiiig protein 

has been used to detennine the afBnity of ligands at the norepinephrine transporter. 

Membrane Preparation: 

Cell pastes from large scale production of HEK-293 cells expressing cloned human 

3 0 norepineplirme nansporters liomogenized in 4 volumes SOmM Tris-HCl 

containing 300mM NaCl and 5mM KCU pH 7.4, The homogenate is centrifiiged 
/Art AAA<y. 1 ftmin. 4PC\ wifh uellet re-suspension in 4 voIt?02« of Ttis-HCl 
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buffiejT containing the above reagems after ih^ first spin and 8 volumes after Hid 
second spin. The suspended homogenate is oentrifbged (lOOg, 10min» 4X) and the 
snpecnatant kept ozid te-cantriiiiged (40»000g, 2(hnin, 4''C)* The pdlet is 
resuspend^ in Txifi-HCl hvSex ccmtainitig the aho ve reagents aloi^ with 1 0%w/v 
5 suM>fieand0.1n3Mpheaylmet]iylsa^^ The membrane 

pjepgration is stoiied in aUquota <1 ml) at -SO'C until requited. The piOt^iu 
concenbratioii of the membiane preparation is detemnned using a bidnchaninlc acid 
(BCA) protein assay reagent ]dt (available from Pierce). 

* « 

[^H]-Nisoxetine BfndiTia Assay: 

Bach wdl of a 96 well microtitre plate is set up to contain the followhig: 
SO^l 2nM pST-methyl-^Hl-Nisoxetine hydrochloride (70-87C]/mmoU from NBN 

life Science Products) 
75pl Assay buffer (50mM lYis-HCl pH 7 A containing SOOmM NaCl and SmM 

25jil Test compound, assay buffer (total binding) or I OjaM Desipramine HCl 

(non-specific binding) 
50ja1 Wheaigemi agglutinin coated polyCvinyltolucM 
(Am^ham Biosciences RFNQOOOl) (IQmg^ml) 

SO[irl Mambrane (0.2xng protein per ml) 

* 

The micxotitre plates are incubated at room teqpopemture for 10 hours prior to 
reading in a Ttilux scintUlatLon counter. The results ate tiinalysed t^sii^ an 
automatic spline fitting programme (Multicalc^ Packard, Milton K^ynessg UK) to 
provide Ki values for each of the test compounds. 

SetDtonin Binding Assay 

The ability of a test compound to compete with [^H]-citalopram for its binding sites 
on cloned human serotonin transponer containing membranes has been used as a 
measure of test compound ability to block serotonin uptake via its specific 
transporter (Ramamoorfliy, S„ Giovanetti, E., Qian, Y., Blakdy, R., (1998) J- Biol. 
Chem. 273, 2458), 
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Membrane Preparalaon; 

Merobrane preparation is esaeotiaUy aknilar to that for the niw^inephriJie 
ti:ansporter containing njetnbiaiiea as described above. The menibraiie prepaxatioo is 
5 stored in aliquots (Iml) at -70*C undJ lequired. The protean ooncentratioii of the 
znembrane prepar ation is detetmined uang » BCA protein essay reagent kit 

m 

[^H]-Citalafpram Binding Assay: 

Each well of a 96 wall miciotitre plate is set up to contain the following: 

1 0 50i4l 2nM [*H]-CStalopram (fiO-SSCi/nrnml. Amersham Biosciences) 

75m1 AMBybuffiff(50mMTri«HHClpH 7.4 containing ISOmMNaCl and 5m^ 

KCl) 

25n! Diluted compoTind. assay buffer (total biodiiig) or IOOhM Hnoxetine Cnoa- 

Specific binding) f 
15 SOul WGA PVT SPA Beads (40mg/inl) ' > 
SQjU Membrane preparation (0,4in|'^^roteitt ml) 7 

« J 

•hie piiciotilre plates ai« incubated at room t^pemture for 10 hovrspdbrt^ 
reading in a Trilux sdntillation counter. The rejajlts are analysed using an automatic 
2 0 spline fitting ptogranune jCMuWcalc Packard. Milton Keyn«S, UK) to provide Ki 
(nM) values £br each of Ihe test compounds. 

Dftpamlae Bioding Assay 

The abiUiy of a test oorapound to compete Twith ['H]-WIN35,428 fixr its binding 
25 sites on human cell inembranes i»Htaining doned hoi^ 

bMD used as a measure of the abiUty Of s»wih test cconpounds to block doi>ar^ 

uptake via its spedfio tran^orter (Ramanioordiy et al 1998 sifpro). 

Membrane Preparaticai! 
30 Is MsentiaDy the same as for membranes containing cloned huttwa seiotooin 
transporter as descdbed aibove. 
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[^'WIN35,428 Binding Assay: 

Each wdl of a d6weU nUcKmtce plate is set 19 to coitfal^ 
SOtil 4nM ['iri-WIN3S,428 (84-87CiAnmol, from NEN Life Science ProduCte) 

75|xl Assay biiffer (SOmM Tris-HQ pH 7.4 containing tSOmM NaCl and 5niM 
KCl) 

2S|il DUiited compound* assay Imffer (total binding) or iOO^M Nomi&n&ind 

* 

(nonrspecifio binding) 
SOjjl WGA PVT SPA Beads (lOmg^wl) 
SO{xl Membrane pr^>ara1ion (0«2mg |vroteui per ml.) 



IS 



Thie microtitre plates are mcubat«d at room temperatm© ftir 120 minutes prior to 
reading in a TrQux scintillation counter. The results are analysed using an axdoioatic 
spline fitting progtamme (Multicalc, Packard, Milton Keynes, UK) to provide Ki 
values £or eadb of the test compounds. 



In Vitro DefeeEEPiriation of the Interactioa of compounds with CYP2D6 in. Human 
Hepatic Microsomes 

Cytochrome P450 2D6 (CYP2D6) is a mararoalian enzyme which is commonly 
2 d associated virith the metabolism of around 30% of pharmaceutical compounds. 

Moreover, this enzyme exhibits genetic polymorphism^ resultiag in the presence of 
faodx poor and nqrmal metabolizeis in the popi^Iation. A low involvement of 
CYP2D6 in fhe metabolism of compounds (i.e. the compound being a poor 
substrate of CYlE'2D6) is desirable in order to reduce any yanalxility fsoja subject to 
2 5 subject in ifae pharmacokinetics of the compound. Also, compounds with a low 
inbibibitor potential for are desirable in order to avoid drug-dmg 

interactions with co-administered drugs that are substrates of CYP2D6, Compounds 
may be tested both as substrates and as inhibitors of this enzyme by means of the 
following assays. 

30 
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rvPaPS attbstrate assay 
Principle: 

This assay detennines the e^xeat of the CYP2D6 enzyme involvemcat in iJxe total 
oxidative metabolism of a compound in raiaosomes* Preferred campoundd of the 
5 present mvention exhibit less than 75% total metabolism via the CYP2D6 pathway. 

Fox this in vitro assay, the extent of oxidative metaboU$m ift Itl i m a n liver 
nalciosomes (HLM) is detennined after a 30 uwnute incubation in the absence and 
presence of Qninidine, a specific cihemical inhibitor of CY1P2D6. The difference in 
10 the eaoeait of mctabolisni in absence and presenile of the inhibitor indicates the 
involvement of cyP2D6 in the metabolism of the compoxind. 



Materials and Methods: 

Human liver micioscHnes Cmixture of 20 different donors, mixea sender) are ^ 
1 5 acquired ftom Human Biologies (Scottadale, AZ, USA). Quinidine and p-NADPH 
(B-Niootnwmide Adeiike Dinudeotidfi PhosiJi?U», reduced fonni tel^^ 
salt) are puwdiased ftom Sdfima CSt Louis, MO. USA), AU ih^ C»ther P$age»ts and ; 
solvents are of analytical grade. A stock solution of the new cihetnical entity <NCE) 
is prepared in a mixture of Acetonitole/Water to reach a final 'concentration of f 
20 acetonitrile in the incubation below 0.5%. 

The microsomal incubation mixture (total volume 0.1 mL) contained the NCE (4 
jiM), P-NADPH (I mM), microsomal iwoteins (0.5 wg/mL), Qqinidine (0 or 2 
jiM) in 100 mM sodium phosphate buffer pH 7.4. The mixture is incubated for 30 

2 5 miraxtes at 37 ""C in a shaking waterbath. Hxe reaction is temainated by the addition 

of acetonitrile (75 (iL). The samples are vortexed mi the denaturated proteins are 
removed by centrifugation* The amount of NCE in the supernatant is analyzed by 
liquid chromatogmphy /mass spectrometry (LC/MS) after addition of an internal 
standard. A sample is also taken at the start of the incubation (t?=Q), and analysed 

3 0 aimUarly . 

Analysis of the NCE is performed by liquid chromatography /mass spectrometry. 
Ten yJL of diluted samples (20 fold dihrtion m the mobile phase) areii^ected onto a 



r 
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SplierisoTb CN Coluxnn, 5 and 2.1 mm k 100 wm (Waters corp. Milfbrd» MA, 
USA). The mobile phase conaisiiqg of a mixtuxe of Solvent A/Sotvwt B, 30^70 
(vAr) is pumped (Alliance 279S, Waters corp. Mllfbxd, MA» USA) fhrough the 
colunin at a flow late of 0,2 mly^nimite. Solvent A and Solvent B are a mixture of 
ammonium fi»mate S.IO^ M pH 4.5/ meduinol in the prapOTdons 9S/S (v/v) and 
10/90 (v/vX for solvoit A and solvent B, respectively. The NCE and the internal 
standard are quantified by moiiitQring their molecular ion using a mass spectrometer 
ZMD Of ZQ (Waters-Mictomass cotp, Mache&ter, UK) operated in. a positive 
elediospray ionisation. 

The extmi of CYP2D6 involvemeot (% of CyP2D6 involvem.ent) is calculated 
compaiing the exteot of metabolism in absence a3ad in presCTice of quinidine in the 
incubation. 



15 The extent of metabolism without inhibitor (%) is calculated aa follows: 

{NCEiBsponsafai samples w^^<>t|tf T<>hiK^Di)riinfeO^ (WCEicsponscIn aamples swflK>otihhtbicar)iiinc30 ^^^qq 

(NC6 t&spctits&ui. samples wiihoui irihibitorJtimcO 

The extent of metabolic with inhibitor {%) is calculated as follows: 

* 

2Q (NCE rBspansgin samples Tiritfi<Wii1lhfl>ftor)<^ "(NOB PBsponscin sampto with iii'hWw)ctinc ao 

(NCE ittsponse in easnpl^ wlxhout inhibitDr)ciidaO 

« 

where the NCE response is the area of tboNCB divided by the area of the internal 
standard in the LC/MS analysis chromatogram, timeO and time30 correspond to tbc 



25 



0 and 30 minutes incubation time. 



The % of CYF2D6 involvement is calculated as follows: 



(% eacteai of metabolism wifliout inhibitor)- (% exTfttti af meiaboltsm wilh mhibilca:) 

% extern of mecaboEsm wiilK>iit isihifastor 



•1 • * 




30 CYP2D6 inhibitor assay 
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Principle: 

The CYP2D6 ioMbitor assay evaluates i3ie potential for a compotmd. to inhibit 
CYP2D6. This is performed by fbs measuremedt of the LoMbition of the bufiiralol 
1 • -hy drojo^lase activity "by the compound conxpared to a control. Hie 1 
5 hydroxyUtion of bnfinalol is a metabolic leactioa specific to CYP2D6. Prefewed 
coOTpotmds of ftfi present tevention exMWt an ICjo higher thaa 6 jiM fcr CVP2D6 
activity, the HCjo being the ooncenuation of the compound that gives 50 % of 
inhibiticni of the CYP2D6 aotivity. 



1 Q Material and metliodfi: 

Human. Uver microsomes (mixture of 20 different donors, mixed gender) a*e 
acquired fiom Human Biologies (Scottsdale, AZ). p-NADPH is purchased ftom 
Sigma (St Louis, MO). Bufiaralol is pqicliased &om mradSnc CManchester, U3Q. 
All the other reagents and solvents are of analytical gi^e. 

15 .- 

-r, Micxosomal incubation mixture (total volume 0. 1 mL) contained bufiiralol 10 nW| ' . 
p^NADPH (2 otM), im<aoscMnal protdns (0.5 mg/raL), and the new chemical entity 
(NCE) (0, S,sad2S \M) in 1 00 roM sodium pho^hate bof&r pH 7.4. Themixtuje 
is incubated in a shaking watcibaJh at 37 *C fbr 5 minutes. The reaction is 

2 0 terminated by the addition of methanol (75 The samples are vortexed and the 
denaturated proteins are removed by centri&gation. The supernatant is analyzed by 
liquid chromatogn^hy connected to a Putrescence detector. The formation of the 
I'-hydnMtybufittalol is monitored in control samples (0 fiM NCE) and in the 
samples immbated in presence of the NCE. The stock solution of NCE is prepared 

25 inamixtuieof Acetonitrile/Waiertoreachafinalcoiicenttationofacetcmitrilei^ 

the incubation below 1 .0%, 



The determination of 1 'l^^droxyhfufraralol in the samples is perfcamed by liqmd 
dtfomatogralQr with fluozimetric detection as described bdow. Twenty five jdU 
3 0 samples are iigeoted tmto a Chromolith IPerfbimance RP-1 8e column (100 mm x 4.6 
mm) (Merck KQAa, Darmstadt. Oemumy). The mobile pihase, consisting of a 
nuxtoie of solvent A and solvent B whose the ptoporiions changed according the 
&Uowing linrar gradient, is pumped fhrou^ the column at a flow rate of 1 ml/min: 
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Time 

(mi nutes) 


Solvent: A (%) 


Solvent B (%) 


0 


65 


35 




63 


35 , . . 


2.5 - 


0 


100 


5.5 


0 


100 


6. 0 


65 


35 



Sclveot A and Solvent B consisted of a mixture of 0.02 M potassium 
dihydxDgenopliospIiate lm£^ pHS/ methanol in the proportion 90/1 0 (v/v) for 
solvent A dnd 10/90 (v/v) for solvent B. The nm tune is 7.S minutes. Fonnation of 
1 ^-hydroxybuftoralol is monitored hy flnorunetnc dei;ection with csctinction at X 252 
mn and enifesion at X 302 nm. 



The ICso of the NCE for CYP2D6 is calculated by the measurement of Hie percent 
1 0"! of inliibition of tiiz fomiation of the r-ttydroxybufuralol in presence of the NCE 
compared to control samples (no NCE) at a known conceatratian of the NCE. 

The percent of inhibition, of the formation of the 1 '-hydroxybufixnalol is calculated 
as follows: 

(I'-hydrojybufhralolfeimed willioiiilflliibitPf) -(r^l^ydyox^bqf^ ^^^^ 

(V-liy^rdaybud&intlolatea fbmied withouttnTiiMror) 

1 5 The IC5Q is calculated from the percent inhibition of the formation of the 1 

m 

bydroxybufuralol as follows (assuming competitive inhibition): 

NCE ConcentrgliQii x ( IQO ■ Percent of inhibition) 

Feieeat of iobMtion 

2 0 The ICjo estimation is assumed valid if inhibition is between 20% and 80% (Moody 
GC, Griffin S J, MaHier AN, McGmnily DF, Riley RJ. 1999. Fully automated 
analysis of activities catalyzed by the ro^jor bnman liver cytochrome P4S0 (CYP) 
enz^ymesr assessment of human CYP inhibition potential. Xenobiotica, 29(1): 53- 
75). 
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Stability 

Thfi add stability of a compoxuid according to the present inveotion is deteiJmined 
as a solution in buffer at 6 diftereni pH values (HCIO. 1N> pH 2, pH 4, pH 6, pH 7, 
and pH 8) at 40*'C over a tim& course of 72 hours. Samples are taken at the 
begUmlng of ttic stady and after 3p 6 and 24 houis and analysed by capillary 
electrophoresis. The original sample used in this study contained O.S% of 












during the $tudy does not show any significant change in the percentage of the 
10 undc^ed epimcr- This confirms that the compound is chemically and 
configuradonally stable under acidic conditions* 
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CLAIMS 



1. 



A comiiotmd of fonmUB. (I) 



4 




-R 
a 



R r R 




(I) 



10 



IS 



-X- is -S- or -O-; 

es^ch R is independeatLy selected &om H or C^C^ alkyl; 

is CrC4 alkyl, C1-C4 alkoxy. halo, cyano, tiifluojroroethyl, 
trifluorottiethoxy, -NR^H^ -CONR^R^ -COOR^ or a group of Uie 
formula (i) 



is C,-C4 alkyl. ptenyl or phenyl substituted with 1, 2 or 3 
substitueints each IndepeDdeatLy selected &oxa CrC4 nlkyU C)-C4 
alkoxy, nitio^ hydr<»^, cyeuot bdlo^, tdfluoromethyl, 
ttifluoromdiioxy, benxyl, benayloxy, -NR^R^ -CONR^R^ COOR^ - 
SO.NR^^ and -SO^R'^; 

R^ is selected Scorn C1-C4 alkyl, C1-C4 alkoxy. oarboxy, nitro, 
hydroxy, cyano^ halo, trifhaoroxaelJjyU triflttoiomethoxy, beozyl, 
beoayloxy, -NR^R^ -CONR«R^ -SOjNR'^R' and -SO^jR'; 
R^ R*, R^ R^ R^ and R^ axe each indepeadenfly selected fix^ 
C|- C4 aUcyl; and 
-Z- is a bond, -CH2-, or-O-; 
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or a pbannaceodcally accepxable salt thereof. 

2. A compouod as claimed in daim I, wherein -X- is -S-, 

3. A compound £is daim^ in rithar one of claims 1 or 2, wherein is 
pheayL 

4. A compound as claimed in &ay one of claims 1 to 3, wherein all R 
groups are l^drogeo- 

5. A compound as claimed in fAmsx 1 , represaated by the fonnula (13) 




« » 



Y 



{ID 

whetein is H, alkyl, C^-C^ alkoxy, halo^ cyauO. 
15 trifluoromethyl, trifluoromethoxy. -NR^Tfc*, -CONR^R^ -COOR^ or a 

group of ttae formula (i) 




R^ is selected ftom 0,-04 alkyl- ^r^^ alko«y, carboxy, niiro, 
hydroxy, <yano, halo. trifluororafsthyU trifluoromethoxy. hGozyl, 
2 0 beozylQxy. -NR^R^ -CONR^% -SO^KR^R" and -SOjR«; 

R\ R*, and R^ are eadi mdependently selected ficom H or C,- C4 
allQ^'l; 

-Z- is a bond, -CHa-. or-O-; 

or a phannaceutically acceptable 9alt thereof. 
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6, 



A covapoxaad as claimfid ia any one of claims 1 to 5, whei*m ^ 
substituent R' is la flie fbree position of the pytidine ring ad 
numbered in finmula (0 above. 



7. 



A coEnpaimdas ctaimed in any one of daims 1 to 6, v«tkereiii is H, 
C1-C4 aUg/l. halo, cyano, -CO^]R^R^ trifluoiometbyl or a groi^ of 
the fimnila 6). 



10 



8. 



A compoiuui as claimed in any one of claims 1 to 7, wfaiecein.R.^ is 
-CONR^R" and R^ and ms both H. 



15 



9. 



10. 



A conqfoisnd as claimed in any one of <dainis 1 to 7, wb^in R' is a 
group of tils fcrnttda (i), -Z- is a bond, and R' is H or halo. 

A compound &5 claitned im my one^if clauns l to 7, whereiii is a 
gro^ of die formula (i), -Z- is -CH^- or and is H, 



20 



A compaimd as claimed in my oae of claims 1 to 5» wherdn the 
substituent Is in the five position of the pyridine ring as numbered 
m &nnula (I) above* 



25 



30 



12. 



13, 



14. 



A oompotmd as claimed in claim 11> wherein the subsdtueiit R^ 1^ 
selected from bzomo^ cbloio or iodo. 



A pbarmaceudcal composition comprisiii^^ a compound as claimed in 
any one of claims 1 to 12 or a phamiaceutically acceptable salt 
thereof, together with a phaimaoeaticaUy acceptable diluent, . 
excipieixt or catriert 



A compoimd as claimed in dny on& of claims 1 to 12 or a 
phannaceitdoally acceptable salt thereof, for use in therapy* 
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15. Use Of a compomd as claimed in any one of claims 1 to 12 or a 
phaHnaceutically acceptable salt thfii:eof, for the mannfeotwe of a 
medicament for treating a disorder associated with noEcpin^teine 
dysfunction in mammals. 

16. Use as claimed in clato 15 or method as claimed in Claim 18 
wherein the discader is selected from the groi^ consisting of m 
addictive diisotder and withdrawal syndromeip an adjustment disorder 
(including depressed mood, anxiety, mixed anxiety and depressed 
jttood, disturbance of conductp and mixed disturbance of conduct and 
mood), an age-associated learning and mental disorder (includiiig 
Alzheimer'^s disease), alcohol addiction, anorexia nervosa, apathy, an 
attention-deficit disorder (ADD) due to general medical condition$5 . 
attentioti-deflcit hyperactivity disorder (ADHD) including the ^: 
predominantly iaattentive typQ of ADHD and the predominantly % 

^ hypereictive-impiasive type of ADHJp j bipolar disorder. bolijma ^ 
nervosa, chronic fatigue syndrome^ chronic or acute stress, cognitivej^ 
disorders including mild cognitive impairment (MCD attd cognitive^ 
impairment a&sodLated wiih sdrizophrMia (CIAS)^ conduct disordei?, 
cyclotiiymlc disorder* dementia of the Alzheimers type (DAT), 
depression (including adolescent depression and minor depression), 
dysthymic disorder, emotional dyaregolation, fibvproy^Jgia and other 
somatoform disorders (including somatization disorder, conversion 
disoider, pain dismler. hypochondriasis, body dysmoiphic disorder, 
undififefentlatcd somato&rm disorder^ and somatofbnn NOS), 
generalized anxiety disorder, hypotensive states including orthostatic 
hypotension, incontinence (Lc., stress iucontinence, genuine stress 
incontinence, and mixed incontinence), an inhalation disorder, an 
intoxication disorder, mania, migraine headadiesa neuropathic pain, 
nicotine addiction, obe&iiy (i,e., reducing the weight of obese or 
overweight patients), obsessive compulsive disorders and related 
spectrum disorders, oppositional defiant disorder, pain including 
chronic pain, nsuropaflnc pain and antinociceptive pain, panic 
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disoidec; pecipheial neuropathy, post-traumatic stress dts(»:der, 

m 

pfremenstnial dysphoric disorder (i.e., premenslxual syndrome aiid 
late luteal phase dysphoric disorder), psoriasis, psychoactive 
substance use disorders, a psychotic disorder (including 
schizophr^a? schizoaffective and schizophrenifonn disorders), 
sed&Qiial afifective disorda:^ a sleep disorder (sach as narcolepsy and 
enuresisX social phobia (mduding social anxieiy disorder), a specific 
developmeatal disorder, selective serotonin reuptake ixifaibitiaii 
(SStU) "poop out" syndrome (i.e., wherein a patient who fails to 
nnaiTttain a satisfactory response to SSRI therapy after an initio 
period of satis&ocoxy response), HC disorders (e.£», Tourette's 
Disease), tobaixo addiction and v^Cul^ dementila. 




•15 



17. A method for selectively inhibiting the reuptake of norepinepfaiine in 
mammals, comprising administering to a patient in need d^ereof an 
elective amount of a compound as claimed in £by one of claims 1 tb 
12, or a pbaimaceutically acceptable salt thereof. 



20 



18. A method for treating disorders associated with norepiiiephrine 

dysfunction inmarmnals* comprising admioistering to a patient in 
need thereof an efifeedve amount of a compound as claimed in any 
one of daims 1 to 12, or a phaxmaceutically acceptable salt thereof. 



25 
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